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ABSTRACT 


The U. S. Coast Guard 1s a military service with a hierarchical 
Organization. CG manpower planning requires a forecast of the number of 
accessions needed as well as the resulting force structure for each month 
of the upcoming year. In this thesis, we present a modified Markov 
transition model that integrates the pertinent personnel flows’ to 
forecast the monthly accessions and force structure for the enlisted CG. 
Personnel flows are estimated using standard statistical techniques such 
as linear regression analysis and point estimation. An algorithm is 
presented to solve for end of month stocks while meeting a man year 
consumption constraint--Full Time Equivalent (FTE) when attrition rates 
and the “beginning and end of year stocks are given. Finally; the 
pertinent personnel flow estimates, the FTE algorithm and the modified 
Markov model are integrated into a comprehensive Military Employment 


Capability Plan which is programmed on a micro-computer spreadsheet. 
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I. INTRODUCTION 


The Coast Guard (CG) is a military service with a clearly 
defined hierarchical organization. It is important to the 
service and the taxpayer to maintain an adequate force 
Structure efficiently and economically. An important element 
in manpower planning is to forecast the number of accessions 
needed each year to replace attritions and to meet changes in 
total force size. Additionallys budgetary planning requires 
force structure projections to anticipate payroll costs. 
Approximately fifty percent of the Coast Guard’s annual 
budget 1s related to payroll costs which are highly 
correlated to the number of people at each grade level. 

A variety of internal and external factors impact on 
attempts to forecast future accessions and force structure. 
Previous recruit projections had the benefit of a relatively 
large pool of eligible entry level personnel and a stable 
BOmee sue This sidieneemene Coast Guard to maintain high 
standards in ace mie Quality and waiting lists of enlistees 
above the monthly recruit quotas. A national shrinkage of 
eligibie entry level personnei described by Fernandez 
C[Ref. 1], stable ie conditions and anticipated changes 
in the force size require relatively accurate forecasts of 
accession needs which reflect the impact of the most 


Significant internal and external factors. 
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The Enlisted Programs Branch of the Office of Personnel; 
U. S. Coast Guard 1s responsible for projecting the Coast 
Guard’s enlisted accession needs and the enlisted force 


structure for each month of the upcoming fiscal year. 


A. OBJECTIVES 

The objective of this study is to formulate a 
mathematical model which projects the enlisted accession 
needs and enlisted force structure on a monthly basis for the 
next fiscal year. The model should also be able to take 
current data during a fiscal year and adjust the projections 
for the remainder of the fiscal year. We will implement the 
model in a commercial spreadsheet environment compatible with 
GeemeaeckGround Of the intended CG users. We anticipate this 
will also provide maximum flexibility to explore the effect 
of a number of variations in external conditions and internal 


policies impacting the forecasts. 


B. BACKGROUND 
| The Coast Guard operates under the Department of 
Transportation. The enlisted force structure is hierarchical 
with paygrades E-1 to £E-9, lowest to highest respectively. 
(There is a paygrade E-10 which has a size of one and will be 
ignored in this study.) Each paygrade is further broken down 
into approximately 25 sub-specialties (ratings). 
PEongeians Occur On the™ first of the month only. . The CG 


conducts semi-annual testing of personnel to rank order 
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personnel eligible for advancement to paygrades E-5 to E-9. 
These promotions are vacancy driven. Promotion to paygrades 
E-3 and E-4 occurs on qualification for advancement. 
Promotion to paygrade E-2@ occurs upon completion of recruit 
training. Vacancies are determined by the difference between 
actual stocks and the authorized structure as promulgated 
periodically during the year by the Chief of Staff’s 
Personnel Allowance Branch. There is a statutory upper limit 
for E-9s and E-8s (one and two percent of the total enlisted 
force size respectively). If the number of personnel 
eligible for promotion (defined as having passed the 
servicewide examination) 1n paygrades E-5S through E-9 exceeds 
the vacancies occurring during the periods those personnel 
eligible for promotion may recompete for promotion during the 
next ear eesaie examination. Normallys once an enlisted 
person meets the requirements for promotion, he remains 
eligible for promotion indefinitely (1.e. there is not a 
promotion zone for enlisted personnel like there is for 
officers). 

Accessions may theoretically occur in all paygrades. 
First time enlistees are entered as Eels. Prior service 
enlistees and CG personnel reenlisting more than 24 hours 
after the expiration of their previous contract are entered 
im paygrades E-2 to E-7,; depending on previous service 
experience and the needs of the service (needs of the service 


are directly tied to the Selective Reenlistment Program). 
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Additional accessions in all paygrades occur when reservists 
are entered into extended active duty. 

Attritions occur in 51x general categories: 

1. Retirements 
Retirements normally on the first of the month. 

2. Non-Reenlistments 
A CG member may not chose or may not be eligible to 
reenlist or extend his/her contract at expiration. 

3. Administrative 
A member may be discharged prior to the expiration oT 
his enlistment for the "convenience of the 
government”. 

4%. Death 

»-. Reservists on extended active duty 
Reservists may be released back to inactive reserve 
status. 

6. Officer Programs 
An enlisted member may be selected for an officer 
program ( Warrant Officer; the Academy, or Officer 
Candidate School). 

The Enlisted Programs branch currently uses a model 
Bec the Military Employment Capability Plan (MECP) to 
Project accession needs and force structure. A replacement 
for this model is desired that will integrate pertinent 
external influences and accurately reflect the effect of 


internal policy changes such as a changed promotion policy. 
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The MECP model and its output is used by a variety af people 
with a wide range of mathematical sophistication . It is 
essential for the model to remain uncomplicated =; 


comprehensible and easily maintainable. 


C. MODEL FORMULATICGN APPROACH 
The model proposed in this study is a modified Markov 
transition model that makes use of historical internal CG 


personnel data and historical external data (various economic 


indicators) . The Markov model is constrained by internally 
and externally (statutory) imposed policies. Lt ire 
Dredictive in nature. The model will forecast future 


strengths across paygrades for the coming months of the 
year. 
Our model and solution will be developed as follows: 


de In Chapter Il we examine the data available to seek 
obvious interrelationshipss trends or data anomalies. 


ee In Chapter III; we develop an appropriate predictive 
model fave “the personnel transition rates and 
attritions. | 

o. In Chapter IV; we formulate and solve an algorithm for 
the manyear consumption constraint Ful) Time 
Equivalent). 


4. In Chapter V,; we implement an appropriate Markov 
Transition moder 


on In Chapter VI; we Summarize the operational limitations 
of the model and discuss applications of the model in 


response to a number of hypothetical conditions. 


on In Chapter VII; we validate the model and summarize the 
results . 


14 


errr Or 


= SS a aE ae 


Il. DATA ANALYSIS 


The data used in this thesis can be divided into two 
general categories~--internal CG personnel data obtained from 
various databases and reports and external ecanomic data 


collected from readily available publications . 


A. ENDOGENOUS DATA COLLECTION 

Most of the data obtained from the CG personnel system 
came either directly or indirectly from the Personnel 
Management Information System (PMIS) maintained on the DOT 
Amdahl computer located at the DOT building in Washington; 
DC. PMIS is the master database of CG personnel data and is 
the basis of all pays time in services and all other 
personnel calculations for the CG. Queries of the database 
were conducted with two commercial software packages--SAS 
emer OCUS. Data also came from other databases or files 
which are kept by individual CG offices. Three problems 


arose in the collection of this data. First; Obvious errors 


in data entry were observeds as there appears to be limited 


data entry validation within the PMIS data base. Seconds 
historic PMIS data is essentially purged at the end of a 
fiscal year of all data not related to current personnel. 
This means that raw historic data is destroyed for personnel 
who have left the service during the preceding fiscal year. 


Data is also lost for some of the transactions related to 


id 


Current personnel. Complete historic data for preceding 
fiscal years is either lost or only available in the formats 
and categorical breakdown of standard printed reports issued 
by the system and kept on record in various CG offices. Some 
information regarding separations (attritions) is downloaded 
to magnetic tape for future reference. Thirdlys when other 
data sources are used, it appears that the effective dates of 
certain personnel actions (separationss promotions;s;etc) may 
SUG Ei from data source to data source. This problem 1s 
important to consider when cross validating deta between 
sources or when trying to derive missing data based on the 
conservation of flow principle (Ref. @:pp. 4-6]: 

Stock ,(tt1)= Stock, (t) + accessions, (t) + 
promotions ieee — attritiongs ace = Promotions: ane (t) 

l= paygrade i1;es;...3;9 f2s15 

These problems limited the collection of a complete set of 
usable data to four fiscal years (1983 - 1986). We also 
collected data for the first eight months of FY87 ae use in 
model validation. 

Lastly; the data we collectsd was further categorized by 
specialty (rating). We decided early in the analysis to 
combine these categories into a simple total for each 
Paygrade Because the output required from this analysis is 
not to be categorized By rating. An initial look at the data 
also indicated that further categorization into ratings would 


reduce the data collected in each cell to such a small size 
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as to introduce significant difficulties in conducting a 
reliable statistical analysis. 
1. Stocks 
We obtained the stocks of the CG personnel “(from the 
PMIS generated Comparative Status report (COMSTAT). This 
data was separated by months paygrade and rating. We 
aggregated over ratings to obtain data By month and paygrade. 
Seem and E-3 stocks ipereae bo tir rated and non-rated 
personnel. Stocks are as of the last day of the month. 
eC. Demotions 
We obtained demotion data directly from the 1986 PMIS 
data by month and paygrade . No data was available for prior 
years. Based on this data and a priori knowledge of the CG; 
we decided that demotions Were statistically insignificant 
for purposes of this model and could be ignored, as the 


demotion rate was less than .0001 for any given paygrade and 


month. 
3. Promotions 
We obtained this data oor the Enlisted Programs 
Sirfice (derived from the servicewide advancement lists). 
Data was only available for those paygrades to which 


promotions are based on the Servicewide competition (E-5S to 
E-9). Promotion to E-4& occurs upon completion of a specialty 
school (A-school) and other qualifications and this data was 
not available. No data was available for SEOmnotions to we=c 


or E-3. We derived historic promotions to paygrades E-e; 
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F-3, and E-4& by solving conservation of flow equation [2.1]. 
We were able to compare the derivation for promotions to E-4 
with 1985-86 data available for A-school graduates and 
personnel promoted through the "Striker" program (this 
Process 1s described in Chapter III) . There was a favorable 
comparison between the derivations and the data, i.e. the 
derivations were within ten percent of the data 3 time trends 
and seasonal variations were preserved. We could not use the 
actual data for 85-86 because the A-school Graduate data 
included an unknown number of personnel who successfully 
completed A-school but as noe complete the other 
requirements for advancement to E-4. We compared our 
derivation for promotion to E-e with data extracted from a 
1985 list of recruit {panne center ograduates . We were 
able to extract approximately 500 usable records from 1000 
examined ( 1/8 of the total). A proportionate comparison of 
Our derivations for the same period indicate the cumulative 
total of the derivations was within one percent of the 
extracted data. No eens any form was available to compare 
with derived promotions to £-3. 

The number of promotions for each paygrade and month 
was divided by the stocks at the beginning of that month to 
obtain a promotion rate. We considered the desirability of 
further categorizing the number of personnel in a paygrade by 
eligibility for promotion, but data was not available to 


support this effort even though it could have led to a more 
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accurate calculation of the promotion rate. The reader 
should bear this in mind when comparing our promotion rates 
(promotions + stocks) to the usual definition of promotion 
rates (promotions + number eligible for promotion). 
G4. Attritions 
Attrition data was obtained from a separations tape 
which is created annually from the PMIS database. Complete 


information was. available for 1981 and LFSeSs—oo. The 


attritions were categorized by paygrade, month and type of 


\ 


attrition (also listed here by PMIS' code). The types of 
attritions ( discussed in the introduction ) were reservists 
released from active duty (DA), deaths (AD); 
retirements(BA), administrative discharges (AF); and non- 


reenlistments (AA, AB; AC; AEs AF; DAs DB; DC). We original- 
ly separated the attritions into categories with the inten- 
meee orf exploring the possibility of obtaining additional 


information for our predictions based on intuitive knowledge 


Br eecorrelations between attrition type and paygrade (e.g.: 99 
percent of E-9 attritions are due to retirements). The data 
provided numerous confirmations of these type oe 


relationships but ultimately it was determined that no 
Significant improvement to the model could be obtained from 
this information. We decided to use the total attritions 
categorized by paygrade and month. 

An examination of the data revealed a glaring 


problem with data from October, November and December 1983 
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(FY84). The data showed no attritions for October and 
November and then a unusually large number’ for December 
(approximately three times larger than normal). This data 
anomaly was due to a software conversion. We decided to 
adjust this data based on other data that we had from the CG 
report "Enlisted Active Duty Accessions and Attritions"”;, 
aos ae as "S36f". This report summarizes attritions for 
the month by the same types of attritions but does not 
categorize attritions by paygrade. We felt that by applying 
the proportions of attritions captured in the "36f" report 
for these 3 months» we could get a reasonable approximation 
of the missing data. We were further encouraged in this 
approximation By the previously discussed analysis which 
showed that certain types of attritions were closely tied to 
certain naveuodeee For examples we previously determined 
that almost all attritions in the E-9 paygrade were due to 
retirements. The "36f" report lists the aggregate number of 
retirements in a month. We were able to calculate from this 
data the proportion of total retirements that occurred in 
each of the three months (OCT, NOV; DEC). We applied this 
Proportion to. the Sorrvaioal attrition data categorized Dy 
paygrade (E-9 in this case). Similar adjustments to the data 
were calculated based on our previous analysis of correlation 
between attrition type and paygrade. After the approximation 
we tested our results with conservation of flow equation 


Ce.1)] for the three months for paygrades E-S through E-9 (as 
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previously discussed; E-2@ through E-4& values of promotions 
were derived). There were no glaring inconsistencies in the 
results (all approximations were within two percent of the 
conservation of flow resultS and no negative flows were 
generated). 

Two adjustments were made to the data to reflect 
policy changes that we felt were significant enough to 
warrant manipulating the data prior to analysis and 
modelling. The Comminstatuted a program trom March 1986-to 
July 1986 that allowed a limited number of seteeene! to 
voluntarily leave the service oprior to the end of their 
enlistment. The number of people attriting under this. 
Program was closely monitored and data was available by 
BEE ce and month reflecting the number of people discharged 
under this temporary policy. The attritions were subtracted 
from the total attritions by paygrade and month under the 
assumption that the discharges would not have occurred 
without this policy change. Seconcaly: a number of policy 
changes at the CG recruit training center have resulted ina 
Significant reduction in E-1l attritions TrOne Oeveber oo 
wemeugna 31 March 87. An analysis of the policy changes 
indicate that we can reasonably expect this reduction in E-l 
attritions to continue. The reduction in attritions over the 
S1x months was 35 percent. We reduced the 1983 through 1986 


E-1 attritions by this percentage . 


agg 


The attritions were converted to a monthly attrition 
rate for each paygrade by dividing the respective number of 
attritions for a month by the corresponding stocks at the be- 
ginning of that month. The monthly aggregate attrition rate 
was obtained by using the aggregate attritions and stocks. 

So ReEErULtsS 

Recruit data was obtained from annual Summary reports 
kept by the Office of Military Recruiting (PMR). Recruit data 
was available for 1980- 1986 by month and paygrade (recruits 
in paygrade E-1 are raw recruits, those in paygrade ESS" are 
usually prior service COG; those in paygrade E-2 are usually 
personnel who have completed enlistments in DOD services; 
and those in paygrades E-4 to E-7 are prior service personnel 
with specialty skills in "open ratings". Open ratings and 
paygrades are defined by the Open Rating List and are tied 
directly to the Selective Reenlistment Bonus program. The 
Only inputs not included here were reservists coming on 
active duty. These numbers were derived from conservation oT 
flow equations already described. The other option we 
considered was to delete the attritions due to reservists 
returning to inactive duty and make the assumption that the 
numbers of reservists beginning extended active duty and of 
reservists ending extended active duty are in equilibrium; 
which is the assumption currently made by Enlisted Programs 
branch. An initial examination of the data indicated that 


this assumption would degrade the quality of the predictions 


ee 


from this model. Data was also collected for the monthly 
recruiting quotas set by the Enlisted Programs division and 
the Military Recruiting branch at the beginning of each 
fiscal year. Monthly recruiting quotas are the forecasts of 
monthly accessions that will enable the CG to meet the 
desired end of month strengths. A comparison of the quotas 
Sa@eetine actual accessions can give a historic depiction of 
the rate of recruiting success during various months of the 
year by the field recruiters. 

oe expiration of Enlistments 

We were able to obtain anticipated expirations of 

enlistments categorized by month and type (non-rates, first 
enlistment, subsequent enlistments). This data is obtained 
from the PMIS database at the beginning of each fiscal year 
and is the number of enlistment contracts or contract 
extensions that will expire in the next year. 

7. Billets 

The Personnel Allowances Division determines’ the 

authorized number of personnel in each paygrade. [hese 
authorized positions are called billets. Billets minus 
stocks yield vacancies that can be filled by ee or 
accessions. A detailed description of the process 
surrounding changes to the authorized billets and their use 
in the manpower flow process is included in Chapter III. 

8. Data 


Appendices A and B contain the data used . 
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B. EXOGENOUS DATA 
Economic variables were researched from readily 
accessible publications to provide possible input into 
regression models. Pertinent categories of economic 
variables were chosen based On anticipated regression 
hypothesis. In most cases the categories were chosen to 
coincide with the "popular" statistics; 1.@.;5 those 
statistics that are frequently seen or heard in the public 
media and would influence a person’s opinion about the state 
of the economy. Our hypotheses will be discussed in more 
detail in Chapter III; but we believed that any influence the 
economic indicators had on decisions to leave were based more 
on the perceived state of the economy than on those economic 
factors which would be statistically related to an individual 
(e.g.: the seasonally unadjusted; 20-25 year olds male 
unemployment rate would probably more accurately relate to a 
junior E-4’s ability to find outside employment, but in 
reality an E-% may base his expectations of civilian 
employment opportunities on the seasonally adjusted total 
unemployment rate that he saw reported in the news last 
week). | 
1. Consumer Price Index 
CPI is the unadjusted CPI for all urban consumers; 
City averages for all items. The index of reference is 
1967=100. Data was obtained from the Bureau of Labor and 


Statistics’ CPI Detailed Report for FY81 - 86. 
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2. Unemployment Rates 


Unemployment rates are the seasonally adjusted 


unemployment rates for mens 16 amee, overs 20-25 and eS and 


over. Data was obtained from Table A-38 of BLS’ Employment 
and Earnings Report ‘(various volumes) for 1981- 1986. These 


categories were chosen aS characteristic of the demographic 
makeup of the Coast Guard . 
3S. Gross National Product 
Smo lm@etree sdogilars-. The annual rate was obtained 
for each See aan! eei- 15986 Tram “fable I[1=-A-EO oF 
Business Conditions Digest (various volumes). tae Omaer to 
convert this data to monthly figuress we assumed that the 
Changes from month to month were linear and interpolated 
aeeordingly. | 
4%. Pay Raises 
The percentage of the annual pay raise for DOD (same 
as CG) obtained for 1983- 1986 from various issues of the 
Navy Times. 
2- Data Modification 
The described economic data was manipulated further, 
using differencing( one months six month and twelve month), 
to make it more useful in the proposed linear RS oi 
model described in Chapter III. 
The exogenous data used by the author is included in 


Appendix A. The differenced data is contained in Appendix B. 
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CE. DATA ANALYSIS 

Most of Cur data analysis was ae We were 
attempting to select variables and determine patterns that 
would assist in the development of various inputs to the 
Markov model we have proposed. A subsidiary benefit of this 
analysis 1S a concises graphical representation of historic 
personnel policies. There are a number of trends and 
variations in the data that are not directly related to this 
analysis but might be of considerable interest to the CG 
Nelicy maker (e.q. there is a trend toward a top heavy force 
pyramid). We used numerous analytic tools that are 
available on GRAFSTAT CRef. 3] but found that the clearest 
results were obtained from time series plots. ;° multiple bex 
plots and scatter plots. Numerical summaries of the data 
were obtained through the SAS CRef. 4] regression models used 
in Chapter’ III. We will discuss those aspects of the data 
analysis that had the most significance to our model 


development. 


i obec krs 
A time series plot revealed an anticipated 
consistent drop in stocks during December and June. Thies 


observation will be developed further in the man year 
consumption portion of our model (Chapter IV). See Figure 


eons 
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Figure 2.1 : Stocks 
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2. Attrition rates 
A time series plot of the attrition rates revealed a 
possible time of year effect. See Figure @.2. A multiple 
boxplot of the attrition rates, categorized by month and 
paygrade revealed a definite month effects with a consistent 
spike in all cases in the summer months. See Figure e.3. 
This effect will be exploited in the regression models. 
3. Promotion rates 
Multiple box plots categorized By paygrade and month 
revealed definite month effects with clear spikes in January 
anda July. See Figure 2.4 and@e2.5d. This effect will be 
integrated in our regression model. 
G4. Recruits 
A multiple boxplot of recruits as a percentage of the 
yearly total and as a percentage of quota obtained revealed 
a definite decline in recruiting levels in June and December 
and a consistent pattern of reaching the quota level in all 
months except December. See Figure @.&. Figure 2.7 is a time 
series plot of recruits by month and paygrade. We attempted 
to discern any time of year effect other than the one 
mentioned above Or any trends in the data. In general;s we 
felt there were no significant effects. Thade observations 
will be used to develop model assumptions in the manyear 
consumption part of the model (Chapter IV) and will be 
integrated in the development of the recruitment proportion 


vector (Chapter III). 
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Figure @.3 : Attrition Rates 
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>- Billets 

A time series plot of the billets was examined in 
conjunction with Figure 2.1 to examine probable correlations 
between stocks and billets (we expected that growth in the 
system would be reflected 5a a proportional change in the 
billets for each paygrade). See Figure e.8. We then 
examined a time series plot of billets divided by total force 
strength. This would indicate any changes in the actual 


billet pyramid. We observed that E~9 billets hovered at the 


maximum one percent. E-8 billets seemed to hover at about 
1.6 percent with a possible increasing trend. E-6 and@ea 
billets have experienced a definite upward trend, perhaps 


reflecting an increase in technical billets in the CG. E-5 
billets appear relatively stable with a possible small 
increasing trend. E-4 billets seem to fluctuate widely. We 
suspect that this results from widely changing needs in lower 
level specialty levels as missions are added or redefined; as 
well as the relatively short time required to promote a raw 
recruit to this level of competence. The E-Ii to E~-3s billets 
appear to have sharp changes due to changing policies (large 
growth imolies a baeae increase in Er-1 billets) as well as 
Some apparently arbitrary changes ( see shift between E-es 
and E-3s in May 1984). See Figure 2.9. 

This led to an examination of atime series plot of 
actual stocks divided by the total stock to see if our 


historic personnel policies produced results correlated to 
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the planned structure. We observed a strong correlation 
between stocks and billets in paygrades E-4,; E-46 to E-9. In 
paygrade E-5S; it appears that the CG was significantly under 
authorized strength and has recently closed the gap. There 
appears to be little correlation in the paygrades E-1 to E-3. 
This is not surprising since the CG promotion policies in 


these categories are not tied to vacancies But are on an "as 
Qualified" basis. See Figure 2.10. Lastly we examined a 
time series plot of stocks divided by billets which reflects 
how close our historic stocks relate to authorized strengths. 
We see that in the E-7 to E-9 paygradess we are Pee) ve ly 
Close to 100 percent of billets. In paygrades E-S to E-6;5 we 
are chronically under authorized strength. In paygrade E-4 
we are chronically over authorized strength. These 


discrepancies are explained further in Chapter III. See 
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Figure 2.8 : Billets 
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Figure 2.10 : Actual Pyramid 
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Ill. MODEL FLOW RATE ESTIMATION 


A. ATTRITION RATES (We t)) 


Monthly attrition rates for each pay Grade are needed for 
the Markov transition model presented in Chapter iV. 
Aggregate attrition rates for June and December are used in 
the man year consumption portion of the model discussed in 
Chapter IV. The human behavioral nature of this flow rate 
makes it difficult to forecast accurately. iat romaatrrficult 
tO make a general hypothesis about factors intluencing 
decisions to leave an employer. We discuss Below a reliable 


and consistent monthly forecast method developed for each 


paygrade. Areas where the forecasts ‘may be improved will 
also be mentioned. In each of the three possible forecast 
methods discussed below, we developed ten cases for each 


forecast (nine pay grades plus the agaregate). 

The notation developed in this section attempts to be 
consistent with the notation used by Batholemew and Forbes 
Beem e sD. SoO-ilel. It will be used throughout this paper. 

Three different methods were considered in developing a 
model to predict the attrition rates. They were: an 
econometric linear regression model, a three year weighting 
scheme, and an exponential smoothing scheme. In order to 
compare the predictive quality of the three methods, we used 
the 1983 through 1985 data to forecast the attrition rates 


for 1986. We compared the sum of squares of the differences 
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between the forecast rate for 1986 and the observed 1986 
data. In that sense, the best of these three models’ for 
predictive purposes proved to be the linear regression model. 

The first model we examined was a three year weighted 
average of the data used to calculate flow rates suggested by 
Bres, et al CRef. 5S] in their personnel flow model. The model 


predicts the monthly attrition rate for each paygrade as 


follows: 
lo @esleglaveras three year weighted average of the number 
of attritions ; assigning weights of 176s 1/2 and i/e 


to the datas least recent to most recent respectively. 


2. Calculate a three year weighted average of the stocks 
using the same weights. 


ee The forecast attrition rate for the fourth year is 
calculated by dividing the weighted average attritions 
by the weighted average stocks. 

the hypothesis dousthates the eat tonite dur iae a 
Particular month will be closely tied to the rate of the same 
month last year and progressively less closely tied to the 

rates of that month in the preceding two years. 
The second model we examined was an exponential 
smoothing scheme described by Chatfield CRef. 6:pp. 85-89] 
and which Hogan CRef.71] £=found useful in his estimations of 


Marine Corps personnel loss rates. Using this method; the 


equation for the estimated attrition rate can be written: 


n~ 


W.(t+1) = « W(t) + Cl-o W(t) 
where W(t) is the observed attrition rate for paygrade i; 


time period t and 


G2 


WW. (1) = W (005 x« is selected to optimize the model. 


This model was applied for each paygrade and month 
Combination. This limited each model to four data points. 
We attempted to remove the time of year effect so that we 
could apply this model across all endata points but we were 
not successful in removing the month effect. AS more data 
becomes available, this analysis «sean appear to have more 
merit, possibly extending the flexibility of the attrition 
rate forecasts. 

The third model we considered was an econometric 


regression model: 


W. (tt) = 6_+ Deed GE) + € 4, 
1 O eed +d 


where ra = attrition rate for paygrade i during month t 
a = coefficient estimate for the carrier variable j 
X(t) = observed value of the jth carrier variable 


Sei ae Osi ait os 
2 = error component with assumed distribution 
Veo =e 
The hypothesis was that the tendency to attrite would be 
influenced by a combination of internal factors and external 
economic factors which could either be anticipated exactly 
(e.g. expiration of enlistments) or forecast with relative 
accuracy (e.g. unemployment rates). In considering possible 
Carrier variables it was important to remember that this was 
only a small part of the total model and inputs would have to 
be limited to make the model practical. The end user of the 
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model needs a model with inputs that are easy to obtain. A 
complicated aeeen would discourage use because of the data 
collection necessary to make it work. We also took into 
consideration the selection of variables for which data are 
readily available from other offices at CG Headquarters. We 
also examined the abundant number of similar models that have 
been developed in this area Tor other military services ae 
variables we considered using were broken into two categories 
(abbreviations are SAS variable names). 
1. Dependent Variables 

The attrition rate for each month for each paygrade 
and the aggregate attrition rate for the month. (E1;sEe>5...; 
E9,EALL ) 

2. Independent Variables 

We initially considered the concurrent levels of the 
economic indicators as dependent variables. The resulting 
Poor regression fit led us to attempt to difference all 
economic indicators because we hypothesized that indivieeewe 
reacted to changes (is it getting better or worse?) in the 
economy when making decisions. | 

a. Consumer Price Index for all Goods (CPI) 

This variable is considered for inclusion after 

differencing ones six; and twelve months. (CPI1,;CPI6, CPI12) 

b. Gross National Product (GNP) 

This variable is considered for inclusion after 


differencing ones six and twelve months. (GNP1; GNP6; GNPIie2) 
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c. Unemployment rate 
We initially considered the urban; seasonally 
adjusted rate for white males, based on the demographic make 


up of the CG. The variable was also considered in the 


additional age categories : (om eo casero o+.) this variable 
was differenced six months in all cases. (ECOLAG, E2SLAG. 
ST LAG). We eventually settled on the aggregate 


unemployment rate differenced six months because it is the 
most readily available rate Tor which forecasts are available 
for the next twelve months. We were satisfied with this 
substitution because examination of the differenced values 
Indicated that all the indicators tend to move in the same 
direction with the same relative increments. 

Ga cay Girteremce (PDIF) 

This variable attempts to capture the change in 
purchasing power of the enlisted person. ic is the 
difference between the CPI differenced twelve months and the 
last pay raise . This variable was suggested by CPT Higham 
CRef. 81 in an Army SRB model and was used with good success. 

Se. Exe iration of enlistments (EENRSIEESUBS EES) 

This is the projected number of enlistments that 
Will expire in a month for the aggregate paygrades E-1 
through E€-3, first term and subsequent enlistments. 

Ff. Recruits 
This is the number of E-1 recruits entering the 


system in the last month and 2 months ago.(INLAG!I 5,2) 


GS 


3. Forced Variables 

These are independent variables included in all 
possible models. We included a variable to account for the 
time of year effect qiecussen in the data analysis section. 
We examined two different schemes to account for this effect: 
a. Dummy variables were assigned to each data point. This 
method entails using 11 binary variables to account for 

12 months. For examples the variable: 


1 for January 
Xi 


Orton aie other months 


Similar assignments are made for the other variables 
RE 3) AS ee scs lee 

Gb. Ihe gata suggest ecaiac time of year effect may be 
captured with a higher order model (second, third or 


fourth order seemed most likely after examining the 


data). A month variable was generated that wes coded 
October = 2, ° December = 3; ..... ; September = l. 
This coding was indicated by examining the data. Pe 


appeared that the polynomial time of year effect 
started in Seotember rather than in October. 
Additional variables were generated from the month 
Variable (MNTH) by raising the month variable to the 


seconds third and fourth power (Me, M3s M4). 
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4. Other Variables 
After using the above variables; we also considered 
the usefulness of the following variables. 
a. Selective Reenlistment Bonus. 
This data is not categorized by month or paygrade 


and a transformation of the data would be necessary. We sus- 


pect that this variable would be what Tukey (Ref. 9:pp. 316- 


317] calls a proxy for economic variables mentioned earlier. 

b. Average ages Time in Services Time in grade. 

This data was incomplete and not categorized by 
month. 
2. Selecting the Variables 

The method of selecting the variables to use was 
facilitated with two procedures available in SAS: Stepwise 
regression and the R-Square procedure... 

The first step after determining appropriate 
candidate variables was to use the stepwise regression 
procedure to begin the variable selection process. The 
results are summarized in Table 3.1. The stepwise selection 
procedure selected one of oe CPI variables in eight out of 
the ten cases. It selected one of the GNP Oe sine ae Tour 
out of the ten cases. It only selected an unemployment rate 
variable in one case. It selected the pay difference 
variable in five out of the ten cases. tt selected an 
expiration of enlistment variable in six out of the ten 


cases. It selected the recruit variable in four out of the 
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ten cases. There did not seem to be a consistent selection 
of one particular differencing (ones; six and twelve months) 
for any of the variables . We eliminated the dummy variable 
representation of the months from consideration because we 
discovered that we could get comparable results from a fourth 
order model; consuming four degrees of freedom. The dummy 
variable representation consumed eleven degrees of freedom to 
obtain the same quality of fit. In a regression models it is 
desirable to minimize the number of parameters being 
estimated. 
TABLE Sat STEPWISE REGRESSION RESULTS 


Independent E-9 E-8> E-7 “6-6 76-5 E=S eee so mea ee EALL 


Variable 
Month x  #X Xi Xoo XP) X  xN0 x0 Sux gGcame 
Month X X X X X X X X X X 
Month? X X X X X X X X X X 
Month* X X X X X X X X X X 
CP ivaar sie X X X X X X X 
CPivdiigie X X X X 
GNP diffi : x x 
GNP diffé X | 
GNP diffie X X 
Unemply 20-25 Ss X 
Pay aGitt X X X X X 
Exp Enl NR X Ty ee 

Ist X X 

sub X X 

total : X X X X 
Recruit lagl X 

lage X X X X 
R-Sq 27 .69 5.40 .55M 56095677 107 oo Coe! 
Cp 1.64 13.4@35.0 7.8 7.8 %60c oe. ae eon. o eo 


The next step in the variable selection process was 
to deal with two problems. First; there were variables that 
the stepwise regression selected that did not have intuitive 
appeal (e.g. the model for E-8 attrition rate selected the 
number of E-i recruits entering the service in the preceding 
month). Secondly; we desired to have a consistent model for 
each paygrade that used more or less the same variables. We 
utilized the RSQUARE procedure to facilitate the refinement 
of the variable selection. The RSQUARE srocedure allowed us 
to see if there were other variable combinations different 
from the ones selected by the stepwise regression procedure 
that provided a comparable quality of fit. The results of 
this analysis and selection process are summarized in Table 
ae . The wit emcee dlmes helped comsidereably in thas 
selection. Some of our decisions to select variables ; 
however, were based on the desire to Nave a consistent aes, 
For examples the RSQUARE procedure indicated that the 
unemployment variable was statistically insignificant Roi 
Paygrades —-1, E-2 and £E-9; however, it was statistically 
Significant for the other paygrades. We decided to include 
the unemployment variable in all cases (each Daygrade) or 
Our models to make them consistent with each other. Note 
that the R-squared values obtained with the selected 
variables in Table 3.2 are about the same as those obtained 


with the stepwise regression im labler3.1.. 


49 


TABLE 3.2 REGRESSION VARIABLE SELECTION 


Independent 

Variable E-9 VE-0 E-7agc-o aaa 
Month X X X X X X 
Month= X X X X X x 
Moneh= A X x x x x 
Month* X X X X X X 
Pay differences x X X X X X 
CPI differenced X x X X X X 


one month 


GNP differenced X X X X X X 
Six months 


Expigatwvomea X X X x K 
enlistments, 
subsequent 


Expiration of 
enlistments, first X X 


Expiration of 
enlistments; non-rate 


Expiration oT 
enlistments (total) 


Unemployment rate 
total, 16+ X X X X X X 
diff six months 


recruit lagl 


recruit lage 
months ago 


7 
i 
i 





>< 


ee ee ee ee ee ee ee ee ce ee ee ee ee ee ee ee ee ee ee ee ee es es ee es ee ee ee es ee eee eee eee ee eee eee eee eee eee eee ee 


ao) 


E-3 &-2 
— 
—— 
— 
XX 
— 
X X 
—— 
x 
OY 
58 .48 


mestly,; seach Soeethe tenmelinear regression models 
resulting from the variable selection process described above 
were evaluated with diagnostics available in the SAS 
procedure REGRESSION. See Appendix B. We observed no 
Significant collinearity among the variables . Using Cook’s 
D statistic; and the diagonal of the Hat matrix CRef. 10:pp 
170-1751, we observed outliers (observations of JAN 83 and 
MAY 846) with possible significant impact on the regression. 
We examined the model without these observations and did not 
ieeein any significant improvement. We examined the results 
for possible violations of the assumptions required for 
linear regressions (normality ei the residuals; 
homoscedasticity;,s linearity of the model, independence of the 
Carrier variables) and _ found no evidence that these 
assumptions ee untenable. The REGRESSION procedure also 
Dprovided the estimated parameters for each model which are 
summarized in Table 3.3 . 

The results of the three candidate models were evaluated; 
as discussed previously;s by comparing the sum of the squares 
of the differences between the forecast value for 1986 and 
the observed data. There 1s an obvious bias toward the 
regression model in this comparison because it utilized 1986 
data in developing the parameters. The alternative would have 
been to eee through 1985 data to estimate the parameters 
and then to forecast the 1986 values. There were nine to 


eleven degrees of freedom utilized by the model and we felt a 


a 


Variable anaes Eso Ea Eso 
INTERCEP 0.01067604  0.01577605 0.004863766 0.001431995 
MNTH 0.01525133 -0.003886160 0.000245262 0.000688187 
M2 -0.006107779 0.000729881  -0.000162754 -0.000327988 
M3 0.000771957 -0.000087567 0.000019622 0.000043157 
M4 -0.000030584 .00000473142  -5.91827E-07 -0.000001654 
PDIF -0.10579793  -0.07331790  -0.07361733 -0.004572339 
CPI1 1.17547549  0.59356223 0.17835560 0.07897454 
GNP6 -0.10934948  -0.16153493 -0.01817683 -0.002734301 
EESUB .00000443804 .00000718083 -.0000039631 .00000816324 
EMPLAG 0.01936890 -0.008052806  0.001973756 -0.004426700 

E-5 E-4 Total 
INTERCEP 0.005382164  0.005869708 INTERCEP  0.006831735 
MNTH 0.000585879 -0.001017229 MNTH -0.000349264 
M2 -0.000449154  0.000057722 Me -0.000060927 
M3 0.000065590 1.03404E-07 M3 0.000012682 
M4 -.0000026832 1.94522E-07 M4 -4,16848E-07 
PDIF -0.10081540  -0.12075055 PDIF -0.07808159 
CPI1 0.49057364 0.55959220 CPI! 0.449518B82 
GNP6 0.01639801 0.03545172  GNP6 0.005240226 
EESUB 00000340662 EETOT 00000747545 
EE1ST 0.000013034  0.000028291  EMPLAG -0.007287778 
EMPLAG 0.000851757 -0.01327953 

E-3 aa ane 

INTERCEP  0.003427755 0.004910380 0.16697659 
MNTH 0.002763041 0.004754049 -0.01764010 
M2 -0.000662970 -0.001799222 0.001128531 
M3 0.000055978 0.000251901 0.000165846 
M4 -.0000014417 -0.000011088 -0.000013300 
PDIF -0.13333437 -0.11082705 -0.68051387 
CPI 0.67941224 0.63767360 0.63015861 
GNP& -0.07198693 -0.29187216 -0.44850907 
EENR 0.000067688 0.000060013 -0.000092617 
EMPLAG -0.01096783 -0.03206519 -0.17464429 
INLAG1 - .0000047658 
INLAG2 -0.000116962 


TABLE 3.3 ATTRITION RATE MODEL COEFFICIENTS 


Note: Variable names correspond to the SAS program found in 
Appendix B. 


oe 





25 percent reduction of data points used to estimate the 
parameters would significantly decrease the fit of our model. 
The regression model was also favored because it includes a 
number of external factors affecting attrition that the 
decision maker would expect to be important. The other two 
models consider the attritions to be essentially a time 
series. 

The results of this comparison confirmed the regression model 
as the best or the three in this case and are summarized in 
TABLE 3.4. 


Tasca se termes l DUAL COMPARISON 


Method S(predicted-actual)= 
Regression ,0066e3 
Weighted ~0240 


Exponential -Oo/ /eu0(A— see) 


The linear regression model was the only model of the three 
for which the residuals BDH ed to be normally distributed. 

The regression model should be used with the following 
comments in mind: 


i. Tukey (Ref. 9:pp. 3313 has discussed some dangers in 


uSing a regression for predictions. The range of 
economic indicators for 1983 - 1986 was small (relative 
economic stability). Caution should be used when 


extrapolating beyond the range of the carriers used to 


develop this model. It 165 recommended that the model 


as 


be reassessed when the observed data exceeds the ranges 
of the data listed in Table 3.5; used to develop this 
model. The model should be regularly reassessed and 


updated as more data becomes available. 


TABLE 3.5 RANGE GCF CORRI Sn erases 


Variable Maximum Minimum 
Pay Difference Ole? = Oe 
el Te se: { month “9072 - Oe 
GNP differenced 6 months LO SOS — , 00s 
Unemployment differenced wcoo —. Lee 
6& months 
Expiration of Enlistment 535 ro 

es Additional uncertainty 1s introduced to the model 


because we will normally use quarterly forecasts of 
economic gndicatore and will interpolate monthly 
values. 

E One ey eee can Nave a significant effect on the 
model. Even as this model was developeds a significant 
reduction in E-1l attritions took place due to magog 
changes in the discharge procedures at the CG recruit 
training center. Since we felt that these changes were 
long term; and we were able to observe from the first 
Six months of the 1987 data that the attrition rate had 
Gropped by 35 percents we modified the E-1 and the 


aggregate attrition rates as discussed in Chapter II. 
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Additional policy changes such as a two year enlistment 
and a two year extension policy are being considered or 
have been fooenenten since this model was developed. 
The impact of these and other changes iS unknown and 
should be considered when using the model. fhe output 
of the regression model will be integrated into the 
spreadsheet application of the entire model and the 
user can test the effect of these policy changes by 
Overriding the default attrition rates generated by the 


regression anaylsis. 


B. RECRUITMENT VECTOR 

Accessions may occur into any paygrade as described in 
Chapter II. Our recruitment vectors r(t); will be a vector 
of nine elements which are the accessions to paygrades E-1 to 
E-9 respectively for month tt. The data examined indicates 
that the last three elements (E-7 to E-9) of the r(t) vector 
should be zero. An examination of the data as described in 
Chapter II lead us to the hypothesis that for paygrades E-3 
emmough E-bé, the monthly number of accessions are constant 
over time. Qur woreencetd for E-2 accessions is that the 
monthly accessions are the same for all months except 
December and June. E-1 accessions are the result of policy 
decisions (recruit Quotas) which this model hopes to 
influence. We were not able to observe any time correlation 
among the E-e through E-6& recruits in the four years of 
data. We conducted a one-way analysis of variance to test 


oo) 


the hypothesis just described. In all cases we found that at 
a Significance level of a= .05; we could not reject our 
hypothesis that the monthly accessions were constant over 
time. The results are summarized in Table 3.6. 


TABLE 3.6 ANOVA FOR ACCESSTONS 


2.6.a ANOVS Table Accessions E-6 


Source SS: Site MSs e—T ate 
Month 52.4000 al 4G .754 “oa 
Error 349.762 62 Sacco 
Total 640e.162 73 

ry = 3.5678 * & 


3.6.5 ANOVA Table Accessions E-5 


Source So df MS F-ratio 
Month 299.4093 iat 27.219 -061 
Error 3010.4e86 62 48.555 
Total 3309 .8378 73 

Te = 9.595 = 10 


3.6.c ANCVA Table Accessions E-G 


Source So) clate MS. F=-ratio 
Month 164.177 11 14.925 - 404 
=f mae 2290.810 62 36.949 
Total 2454.989 Ve 
wae 6.014 * 6 
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TABLE 3.6 (Continued) 


3.6.0 ANOVA Table Accessions E-3 


Source SS Gate MS F-ratio 
Month 797.936 tel 7e.0e!1 1.ec23 | 
Error 3675.143 Le Soeare | 
Total 4472.878 72 

r 4 = Pi2eoGi 2 1) 


3.6.2 ANOVS Table Accessions E-e 


Source SS af MS F—-ratio 
Month 1936.692 9 215.188 329 
except 
DEC, JUN 
Error 33983 52 653.537 
Total 35920.597 61 

r,(except BEGUN = se.75 = 33 

Go (DEC) = 22.0 %* 22 

r (JUN) =a i. 1S 


Based on the analysis) and the discussion above the 
following estimations were used for the recruitment vector. 

The estimated accessions for E-3 _ to ae is the average 
of accessions over 74 months (OCT 79 to NOV 85). 

The estimated accessions for E-2e is the average of 
accessions over 74 months. The estimate for December is the 


average of six Decembers (1979 - 1985). The estimate for 


a 


June is the average of June accessions during 1979-82 and 
1984-85 (1983 was rejected as an outlier). 

E-1 accessions are estimated by subtracting the 
accessions estimated above for paygrades E-e through E-9 from 
the total monthly accessions (RC tee Total monthly 
accessions are Calculated by subtracting last month’s 
attritions ( i.e. attrition rate times the stock) from the 
forecast total stock for this month (N(t)). Computation of 


N¢Ct) is described in detail in Chapter IV.. 


The total accession equation is: 
9 
Gt) — NC Goes Pees! Uae Gree 


i=l 2 


Then E-1i accessions are: 


oS 
r. (t= RCt)°=— Soe 
1 a7 1 


The average accessionss ee »s for paygrades E-e2 through E-? 
are summarized above in Table 3.64. 

Periodically the CG decides to restrict accessions in 
Paygrades E-4 to E-64. In this case the model may use the 
same estimates for paygrades E-1 to E-~3 and zero for E-4 to 
E-6. We examined whether this change in policy had any 
effect on E-@ and E-3 accessions but could not determine any 
Significant changes as the result of this policy variation. 


Our data under this type of policy change was limited to ten 


months (December 1985--September 86) and we recommend 
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further evaluation of the assumption that there is no effect 


on E-2 and E-3 accessions as more data becomes available. 


C. PROMOTION RATE 

A brief description of the promotion process;s expanding 
On our comments in Chapter I is useful GO clarity the 
derivation of the flow rate estimations developed here. 

Vacancies in this model are defined as the difference 
between the authorized strength (number of billets) for a 
paygrade and stocks in that paygrade. Billets can be 
generally divided Leo two categories--field units 


(operational and support) and general detail (personnel! in 


transit,leave enroute to next duty station; imprisoned; 
extended hospitalization;,undergoing extended training or 
schoolings and personnel in non-specialty jobs such as 


recruiting). Billets are essentially limited to one and two 
percent of the total force strength for paygrades E-9 and E-8 
respectively. The basic billet pyramid “O1Sthiburtion. is 
based on RiaAeo tea ep Tecedent which im somescases is based 
on well documented needs ( a ship or airstation’s standard 
Organization) and in other cases based on undocumented 
heuristic decision processes developed as changes’ and needs 
were managed. Billets are generally added and subtracted 
from each paygrade as units are authorized (new ships or 
airstations) or decommissioned; or as new missions are added 
by Congress. Changes in units and types of units usually 
have prescribed manning levels, however; if these violate 
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other mandated size constraintss then ad hoc changes are 
made. New missions frequently have no clear cut personnel 
structure and the changes created are difficult to estimate. 
There are efforts in progress to quantify these requirements;s 
most notably in the general detail portion. Other studies 
are being conducted to evaluate the legitimacy of the current 
Structure. The best generalization that seems to be possible 
from examining the current method of modifying the billet 
allowances 1s that in the short term (one year); the ratio of 
the number of billets in a paygrade to the total monthly 
force strength remains the same over time (from one MOnuiwaas 
the next). 

Promotions attempt to fill billets as tully as posSeieie 
from the top down. If a vacant billet cannot be filled from 
the grade below;s the CG attempts to fill it with the next 
lower paygrade. This procedure terminates at the E-5 level. 
The process is further complicated because the actual 
promotion process is categorized by rating (specialty) as 
well as paygrade. Some ratings have histories of chronic 
shortages due to favorable Gav islam employment 
opportunities. Our model is not concerned with the ratings 
but we will consider the effect of rating shortages when 
calculating the number of billets that will remain unfilled. 
Careful examination of the process seems to indicate that we 
can view the process without regard to ratings and still not 


reduce the quality of our estimations. 
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Promotions can be broken into two general processes. 
aT Omer oOnouLo Paygrades E-S through E-9 
Promotions are calculated from paygrade E-9 downward 
as follows: 
a. The stocks from the first day of the current month are 
obtained from PMIS database. 
b. The following personnel movements are subtracted from 
stocks: 
ot) Non=reenlistments 
An estimated attimrtion rate is applied to known 
enlistment expirations for the current month. In 
the smaller paygrades (E-8;, E-9) these attritions 
may actually be anticipated bBy the assignment 
officers who are assumed to have more current and 
accurate information than the database. 
(2) Retirements 
Retirements oie the upcoming month are 
anticipated by letters on file. 
(3) Anticipated warrant officer promotions 
(4) Promotions to the next higher paygrade. 
c. The eae of subtracting the above dersonnel movements 
from the beginning of month stocks is the anticipated 
end of fOmMuinatOGKS | Prior tO promotions tom the 
paygrade. 


Gd. This projected stock is subtracted from the planned 


—_—_ 


billet strength for the paygrade to determine the 


—— —— 
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number of vacancies for the next month. These vacancies 
are then filled with promotees from the next lower 
Daygrade. Vacancies which cannot be filled due to 
insufficient personnel eligible for promotion are 
carried down to the next paygrade. 

There are procedures to account for changes in the 
general detail which may cause Overages (1.8. the number of 
billets is decreased even though no attritions occur). For 
example; an E-3 may be filling an E-8 recruiting billet 
(this 16 a general detail billet and not a specialty Billet). 
If there 1S a vacancy for anE-9Y9 in his/her specialty and 
he/she is the senior person eligible for promotions he/she 
will be promoted. Howeveun the specialty vacancy remains 
unfilled because the promoted Fe is not eligible for 
transfer to fill that billet . Additionally his/her status 
as an E-9 in a general detail billet is exempt from statutory 
upper limits for that paygrade (i.e. that E-9Y doesn’t coum. 
toward the one percent constraint). CG policy is to promote 
the next eligible E-8 personnel to fill that E-9 specialty 
vacancy. Later, it is possible fom the Ea7ein thet pe- nua 
billet to be transferred back into his/her specialty. Bese 
persons are now counted against the specialty billets,s and if 
there were no attritions from that paygrades the CG is now 
overfilling the aa: billets. The purpose of this 
illustration is to demonstrate the minor policy variations 


that could account for overfilling of vacancies,s especially 
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in the upper paygrades. The numbers involved are _ so small 
that we will consider them insignificant for this model. 
eer Fromotions to paygqredes E-e2 through E-4 

These promotions occur on an as qualified basis. 
When an individual has completed the requirements'7 for 
training, time in service and paygrade, and demonstrations of 
competence, he/she is promoted. Personnel in paygrades E-e 
and E-3 essentially fill the same jobs, therefore the CG does 
not regulate the promotions to E-3 other than to determine 
the requirements described above. The promotions to paygrade 
E-4 are mainly regulated through the use of A-school 
(specialty training required for many ratings) quotas and the 


service wide examination for the small portion of individuals 


who "strike" (QUalify through equrIvalent on-the-job 
training) for their specialty. All qualified "strikers" are 
advanced on 1 January and 1 July. These two methods attempt 


to keep the E-G stocks in line with the authorized billets 
and unfilled vacancies which have been carried down from the 
upper paygrades. Figure 3.1 18S a graph of the number of the 
cumulative, unfilled vacancies in the E-4¢ and above 
Paygrades during the period October 1982 through September 
Pi7ao. Positive numbers indicate vacancies and negative 
numbers indicate that cumulative stocks exceed billets. Ct 
appears that the process of carrying the vacancies down 


varied considerably. 


Go 


CUMULATIVE UNFILLED BILLETS E-4 TO E-9 
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Figure 3.1 : Cumulative Unfilled Billets 
= Model 


Our model wOOeRaee to reflect the actual process used 
by the CG to determine the monthly promotions ( and 
consequently the promo tien rates). The following equations 
were developed to. escnna ce the promotion rates. 

a. Promotion rates to E-S througn e-2? 

In order to attempt to capture ee previously 
described promotion processs we calculated the number of 
vacancies we expect to fill during a month. This will 
usually be less than the anticipated number of vacancies that 
will occur because for most paygrades,; we expect to leave 
some portion of the vacancies unfilled. The number of 


Promotions is then calculated as described previously. 
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As previously mentioneds historical data shows 
that the number of billets in paygrade 1 18a proportion of 
the total force strength. Therefore, the following parameter 
is defined: 


ett = the ratio of billets 1n paygrade i1 to the 


rover = mMunber Of billets: 
This parameter is estimated as the ratio of the 19865 monthly 
average number of billets in paygrade 1 to the monthly 
average of the total number of billets. We decided to limit 
the data to the most recent year to minimize the upward trend 
of the ratios in several of the paygrades. 
Next define 


PCT (tb) = the percentage of the billets available in 


fa/onacdeomei 'Ohmmetaneewe expect to have enough 


eligible personnel to promote. 


This variable attempts to capture the CG’s previously 
described inability to fill all billets. This variable is a2 
function of time. For examples in January and July; when the 


new lists of personnel eligible for promotion are issued; 
there is a significant increase in the ability to fill 
vacancies because at that time the CG may promote as many 
Qualified personnel as possible to fill vacancies. The 
me, <t) values were estimated as three year averages for 


1984 through 1986 for each month t and each paygrade i. 
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Next, introduce 


N (t) = Total stock on the last day of month t 
n, (t) = stock of paygrade i on the last day of month ¢t 
for 1 = Ls 2 pee) ose 
n; aren (¢) = number promoted from paygrade i to i+ i 
»i4 


during the period C£t-135 205 1 Gu — 52... .o- 
Also define 

eee (t) = promotion rate form paygrade i to 

Paygrade irl 
Pee is estimated as the number of promotions from 
paygrade 1 to 1+ 1 divided by the stock of paygrade i at the 


DEGINnNiINnGg OF Bee) oeamt. 


The number of promotions is calculated as 
follows: 


1. First compute the projected number of billets in 
Paygrade i during period ¢t = Pee ai N¢Ct) 
C. Next; compute the projected number of billets in 
paygrade i that Will Beepil led mura aaeme aan 
PCT, (t) * Reise N(t) 
3. Finallys the projected number of promotions to 
paygrade i Gurimng periocmeme, +) uae 


(t) = PCT. (t) * PYR. #N(t) +n. . (t) -— En. (t-1) #4 l-w. (0) 3) 
1 1 elt 1 i 


aie \ 


1=5;6;7;8;9 Cal yess se te {[Ss28 

Tt is possible for the CG to shrink in total strength so 
that equation Pome would estimate a negative number of 
promotions because the decline in the estimated number of 


billets exceeded the estimated number of ~ attritione- 
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Accordingly; we reflect CG policy by modifying our estimate 


GO be : 


ct) = max CO; n. mot) 
Neola: 2 


i” ; 
as leee 1 


The promotion rate is then estimated by: 


p (t) = nv 


i-1si See ee 


The results of these estimates are summarized in Table 3.7.a. 


foes se fee PREMOTIONSRATES i@ee-5 THROUGH E-9 


Bao =e E-7 ao E>) 
YR -O10 ~0164% FOBTS ee) oF 
Ser t ) isa) 10 2796S ~949 .886 
excluding 
JAN and JUL 
SemcJan) « 1.0 iO 10 2760 e700 
pen< Jul > ioe O) 1.0 | ee 8, 2760 - 9700 


5. Promotions to payograde E-4 

These promotions are directly tied to the 
internal policy of A-school scheduling. The factors 
affecting this policy are complicated and the data seems to 
indicate that the policy varies considerably. Our proposed 
estimate of the E-4 promotion rates is based on the 
Meer ation that eee is a large increase in the promotion 
rate in January and July ane we attributed entirely to the 
Policy of promoting all "strikers" from the new advancement 
list. No other time trends were observed in the data. A one 
way analysis of variance testing the hypothesis that the 
monthly promotion rates (1983 - 1986) for all months except 
January and July are equal indicates that at a significance 
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level of ax = .O05 we cannot reject the hypothesis that the 
rates are the same. See Table 3.7.b. Our estimates for at 


months except January and July will be the average of the 


other ten months’ promotion rates for 1983 - 1986 (40 
observations). An examination of the historic "striker" 
promotions did not reveal any Significant trends. We will 


estimate January and July promotion rates as the four year 


average of the respective monthly rates for 1983 through 


1986. 

TABLE 3.7.b ANOVA PROMOTION RATE TO E-4 
Source SS cit. MS F-ratio 
Month (except .0027846 G 3.094E-4 .633 
JAN, JUL) 
Error .0146596 30 4. 886E-4 
Total .017442 3S 


es i (all except JansJuly) = .04133 
3 
Pa (Jan) =.07228 
P35 .'Jul) =.09355 
c. Promotions to paygrade E-3 


Our hypothesis for the promotion wate tc eam 
that the promotion rates are the same for each month. 
However; the data appeared to indicate a uniform promotion 
rate throughout the year with a relatively large increase in 
July. We could not determine any internal (policy) causes 


for this increase but we suspect it is somehow related to the 
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Processes already described for the E-% paygrade. A one-way 
ANOVA of data indicates that at a significance level of 
a=.05, we cannot reject the hypothesis that the monthly 
Promotion rates for all months except July are the same. We 
estimate the E-3 promotion rates as the average of the 
historic monthly promotion rates for all months except Julys 
over the years 1983-1986. July’s promotion rate is estimated 
USing a four year average over the same years.See Table 3.7.c 


TebLE Weeeere  CNCVA PROMOTION RATE TO E-3 


source => eat. MS. eaeat. 10 
Month (except MOOG Se 10 Tae SE —-4> eve 
BEIL. 
ee OT Oe 7eC04 33 8.2436E-4 
Total -0344136 43 
as gall except Jan,July) = .06756 
9 


2 Oe =.11088 
d. Promotions to paygrade E-e 

These promotions are the result of successful 
completions of recruit training. We felt a reasonable model 
would Project the number of promotees based on E-1 accessions 
lagged two and three months since recruit training is 8 weeks 
in duration. We examined a linear regression model of the 


form: 


nN (t) = 8. + By r (tre) + Bo ee ee <= 18 


We found that the number of recruits lagged three months was 
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a statistically insignificant carrier variable and developed 
a Simple linear regression model using only number. of 
recruits lagged two months. During the diagnostic phase of 
the regression analysis we decided toe exclude four 
observations) (JAN83,0C7T83,;DEC83,JUL86) as probable outliers 
among our 48 observations. Our results achieved an R-square 
value of .59. We felt these results were favorable in light 
of the problems we had extrapolating the historic promotions 
to E-2e described in Chapter II. The results of this model 
are summarized in Table 3.7.d. 


TABLE 3.7.d REGRESSIGN RESULTS FGR PREMGtTONS eS. 


Ce= > Vaso 
0 
8 = .712428 CEC Vee 
1 
R= = oS 


4. Summary 

We would note that promotion rates estimated By these 
methods may seem low when compared to what 1s generally 
perceived by CG members as promotion rates. Our promo twom 
rates ar2 proportions of the entire stock in the next lower 
Pay grades while promotion rates are normally thought of in 
terms of proportions of those eligible for promotion. We 
have previously described the lack of data on eligible 
personnel that prevented us from using this’ latter 
definition. The difference will be consistent with the rest 
of the model to be developed. 
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IV. MANYEAR CONSUMPTION ALGORITHM 


Each fiscal year (1 Qctober--30 September) Congress 
specifies two personnel growth constraints that are pertinent 
to the forecasts of attrition rates and force strength. The 
CG is given an end of year total force strength target and an 
annual Full Time Equivalent (FTE) target. The FTE target is 
the cumulative monthly manyear consumption for a fiscal year. 
More specifically; the FTE (manyears) consumed in a eee is 
defined as 1i/ie2 of the average of the beginning of month 
stock and the end Smenomten wstock. The purpose of the FTE 
target is to provide some external control of the growth 
during. a year. A graphical representation of the 
relationship Seer e eine the FTE target and the monthly stocks 
should clarify the purpose of this constraint. In Figure 
G.1, we can see from the preceding definition that the FTE 
is equal to twelve times the area bounded by the month axis; 
the stock axis; the line connecting the monthly stocks and a 
vertical line at the end of the year. 

The algorithm developed in this section will forecast the 
end of month stocks, N(t); during the fiscal year that wil! 
meet both the end of year stock target and the FIE target. 
It will also provide a solution to meet these targets when 
the starting point is some end of month during the fiscal 
years, i.e. given the stocks at sometime at or after 1 October 
it will provide a solution for the remainder of the year. 
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Figure 4.1 : FTE = le x Shaded Area Under the Line 


An initial examination of the problem revealed that 
AmERGGE GOCE One® assumptions and constraints, there would 
be a large number of solutions to any realistic set of 
targets. Therefore, the following nes teen were 
developed by examining the processes that influence the 
Current decision naliner 

1. The change from the beginning of the year to the end of 
the year should be as linear as possible. This is 
justified by the need to reduce large changes to the 
system. Due to the small size of many units, paygrades;, 
ratings,s etc. in the CG, a large monthly change in 
total strength could Nave an adverse effect on adequate 
manning of units. Additionally, a large change in the 
monthly stock would imply a significant change of 
recruits at the ae training center; this is 
undesirable, especially if the change results in a 
large influx of recruits. 


Oe 


mr ee eee a 


2. The number of recruits are fixed at low levels for 
December (there is an historic inability to recruit at 
higher levels prior to the holiday season) and June ( 
the CG recruit training center is used primarily for 
reserve recruit training during the summer months). 
Using historic data, we arrived at anupper bound of 
C00 December accessions and 100 June accessions;s unless 
the CG shrinks by more than 3500 during a year; in 
whicn case the accessions are fixed at zero for both 
Decemoer and June. 

3. Given the above restrictionss we should attempt to 
Oreserve linearity for the longest number of months 
possible. We assume that the changes occuring during 
any particular month are | 

G4. Historical data shows recruiting efforts are most 
successful in August; September; October and November. 
These months provide the most flexibility in meeting 


quotes. 


A. MODEL DESCRIPTION 

The problem of formulating an algorithm to determine a 
unique forecast of the end of month strengths that would meet 
the restrictions described above was facilitated by examining 
@ graphical representation of the constraints. 

We previously mentioned that the CG prefers to change 
linearly. Ideally; the monthly forecasts of force strength 
would lie on a line connecting the 1 October stock and the 
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STOCK 
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51000 
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Figure 4.2 : Linear Stock Description 


Following year’s 30 September stock (Figure 432) > ilps 
Solution 1s improbable for the two reasons discussed below. 

First, we have previously discussed the limitations on 
accessions for December and vine As a result, accessions are 
normally less than attritions and so; stocks decline during 
those two months. ereroeee in the months of December and 
June, we see a decline equal to the difference between the 
estimated attritions and the fixed number of accessions. 
Otherwises we can maintain linearity during the rest of the 
year. The resulting monthly stocks lie on the bold line 
segments in Figure 4.3. | 

Secondly, as discussed previously, the FTE constraint may 
require the CG to change more toward the beginning or; 
alternatively, the end of the year . The pure linear solution 
could only provide an FTE equal to the average of the 1 QCT 
and 30 SEP stocks. The piecewise linear graph we have just 
described will allow us the flexibility te find at least one 
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Ficure 4.3: Piece-wise Stock Description 


Ome solution that satisfies any FTE constraint by varyin 


«{) 
ct 
=o 
iT) 


eres under the five line segments. The dashed lines in 
Figure 4.3 demonstrate and example of 242 larger FTE (greater 
area under the line ee and alternatively a2 smaller 
FTE. Specific examplés may 2 Aisa the changes in FTE that 
are possible with ne five line segment description. In 
Figures 4.4% through 4.6 we are looking at three different 
five-piece line segments tnat connect the end of month stock. 
Or 320 September (33,0900) with the 30 September stock 
(3S3000)0f the following year. Figure 4.4% demonstrates an FTE 
that 1s the average of the beginning and ending stocks. This 
would encourage the CG to grow i1na linear manner. Figure 
4.5 demonstrates an FTE that 1S @eloser Bro GRe begmnning 
Seremgth than it is to the ending strength. We can see that 
this encourages the CG to grow more toward the end of the 
year than close to the beginning. Figure 4.6 demonstrates an 
FTE that is closer to the ending strength than it is to the 


Ta 


beginning strength. This encourages the CG to Grow more 


toward the beginning of the year and less toward the end. 
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Figure 4.4 : Default 
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START = 31000 END =33000 FTE =32500 A =1.431 
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START = 31000 END =33000 FTE =31500 A =1.431 


Figure 4.5 : Lower FTE Figure 4.6 : Higher FTE 


Similiar graphs can be seen in Figures 4.7 through 4.9 
for a situation where the ending strength (31000) is less 


than the beginning strength (32000). 
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START = 32000 END =31000 FTE =31500 A =.799 


Figure 4.7 : Default 
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30800 


1OCT 31 NOV 31 JAN 31 WAR 31 way 31 JUL xO SEP 1OCT 31 NOV 31 JAN 31 MAR 31 WAY 31 UL 
START = 32000 END =31000 FTE =31250 A =.799 START = 32000 END =31000 FTE =31750 A =.799 
Figure 4.8 : Lower FTE Figure 4.9 = Higher FRE 


We previously stated that the area under the described 
line segments is twelve times FTE. We can see from Figure 
4.3 that the only points that are fixed are i OCT and 30 SEPT 
of the following year. We can further see from Figure 4.3 
that one way we can derive a combination of equations for 
the five line segments that satisfies the FTE constraint is 
to specify the slope of the 31 DEC - 31 MAY line segment. 


Once the slope of this segment has been fixed, there will be 
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a unique set of line segments that concurrently satisfy the 
accession restrictions and the FTE constraint, i.e. the area 
under the line segments must equal twelve times FTE. We can 
subsequently describe a unique equation for the area under 
the line segments in terms of the monthly stocks. 

We can now specifically describe the equation of each 
line segment in the general form y = mx + 6. We will 
lnLGlalky describe Pty each line segment. Later we 
will tie together the five line segments through their common 
POlMts.'. Firsts ve describe the slope of the 31 DEC -3si gee 
line segment in relationship to the slope of the ! OCT - 30 
SEP line (the ideal linear case). The slope of the 1 OCT- 
30 SEP line will be called DEL. The slope of the 31 DEC - 31 
MAY line segment will be described by the multiplier (A) 
times DEL. The introduction of the multiplier A and the 
reference to the line 1 OCT - 30 SEP slope (DEL) will be 
important to modifications to the algorithm described later 
because the CG may want to change A to control the monthly 
rate of change in stocks. The teenie A will allow us to 
change the slope of the 31 DEC - 31 MAY line segment by 
increasing or decreasing A . We will also know if the slope 
of the 31 DEC - 31 MAY line segment 1s more or less steep 
than the slope of the ideal 1 OCT - 30 September line. We 
Know that Of£¢ A << @ and therefores an A> 1 increases the 
steepness of the slope and anaA < 1 decreases the steepness 


of the slope. 
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In order to describe each monthly stock in Figure 4.3 we 
first need to define the following variables: 


Let t refer to the end of the month; namely: 


t=O means 3O SEP t=7 means 3O APR 
t=1 means 31 OCT t=8 means 31 MAY 
t=2 means 30 NOV t=9 means 30 JUN 
t=3 means 31 DEC t=10 means 3i JUL 
t=4 means 3i JAN t=11 means 31 AUG 
t=5 means 28 FEB t=12 means 30 SEP 
t=6 means 31 MAR (following year) 
Further ; 
aii) = The manyear consumption specified 
N(t) = Total strength at time t 
N(O) = Total initial strength (given) 
N(le@) = 30 September Stock (given), i.e. total 
end year strength 
WJ = 1/(1i-June attrition rate) 
WD = 1/(1-December attrition rate) 
RD = December recruits,s fixed as described 
above 
RJ = June recruits, fixed as described above 
DEL = (N(le) - N(O) )/12@ +: slope of line 
segment connecting beginning and ending 
stock. The algorithm developed in this 
section requires that DEL not equal Or 
From a practical standpoint, this means a 
difference between the beginning and 
ending stock of at least one. For all 
practical purposes, this will have no 
effect on the end results. 
x = the slope multiplier 


co 


Each line segment in Figure 4.3 1s now described in 


Table 4.1. 


TABLE 4-1: Steck Surtees 


NCit) = N(11) N(S)= N(8) - 3SA*DEL 
NC1O) = ONC 11)—N ce) N(4)= NCB) - 4A*DEL 
NCO) = SNC 11) -2Nigtee N(3)= N(8) - SA*DEL 
NCB) = WI#¥N(C9)-WI*RIT N(2)= N(C3)*WD - WD*RD 
NO7) = NC8) —- A*DEL NC1)= -IN(0)+.5N(2) 
N(6) = N(8) - CA*DEL 


We next formulate the equation for the area under the 
line segments and solve for each of the nOntEY Sroeree This 
is an uncomplicated but tedious procedure because of the 
numerous variables so we will solve the problem in three 
parts. 

Le aa eet oe 

Part 1 is a solutiuam tor _ the model starting 1 OCT. 
All stocks will be referenced to the 31 August stock, N(il1). 
August was selected to simplify the solution to part 3 (mid 
period solutions). The multiplier A used in this part may be 
modified by the desires of the CG to regulate the growth 
rate. We will provide a default solution for the multiplier 
CA) Ine par toe. 
en (Rak tesc 
Part e2 is a solution for the multiplier A to 


optimize the model. Optimization will be defined as the 


oo 


least squares solution which minimizes the difference between 
the solution’s stocks ( as shown in Figure 4.3) and stocks 
which would result from a straight line between the current 
month’s stocks and the 30 SEP stock target. 
a. art 3 

Part 3 is a solution for the problem starting at any 
point in the year. Through the use of binary variables and 
minor modifications to the assumptions described previously; 
we begin our forecasts sometime after 1 OCT and will project 
new stocks for the remainder of the year to meet tne original 


constraints. 


B. SOLUTIONS 
1. Part 1 Full Year Model 

The objective here is to find the end of month 
strengths, N(t), for all t = 1,25...5;11 that will meet the 
constraints described previously in this chapter. 

The first step is to describe each end of month 
stock ;N(t), from Table 4.1 in terms of the 31 AUG stock, 
N(i1l). The results are summarized in Table 4.e. 

Next, in order to solve for N(11) we write the 


equation for the area under the line segments as: 


ot 
Smee oe cCOo + Nile) +er Nt) C4.1] 
t=1 
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TABLE 4.2: MODIFIED STG. BeRveees 
NC1i1)= N(11) 


NC1O)= ENC 11 JENGre, 


NCS) = BNC 11) SeNtle: 

NCB) = WI*ED3SN( 21) -eN Ghee 

N(7) = WI*E3SN(11) SEN (Che RII -AaxDeEe 
N(6) = WI*CSNC1D) SEN eee? Seen a) ae 


N(3) = WJI*lLSNIGIS) -ON te) RJ JS Sseaxcbee 


N(G4) = WJ*03N(11)-2N(12)-RIJ1]-4A*DEL 
NCS) = WI*ESN(13 Sena eas eee 
NCe) = WIJI*WD*¥CSNC(11L)-eN( Le) -RoI-— WDxisax DEL RD 
N(C1) = .S5€N(O0)+WJ*WD*¥L3N(11)-2N(12)-RJ] -— WD*CSA*DEL +RDI} 


We then make the substitutions in €4.1] for each N(t) 
gQiven in Table 4.ce. The resulting equation is then expressed 


in terms of N(11) and solved for N(11) to obtain: 


NC.) = C—NUM1 + A*NUMe2] = DEN Loa oeu 


where; for notational simplifications 


NUM1= 2C4FTE-2N(0)4N(612)*05+24WI+6WI*WDI+3S3DWD*¥RDt+WI*RI* (WD+4) J 


NUMe= 1S5DEL*(2+WD) and DEN= 12+9WJ*(4+WD) 


The remaining N(t)s are solved by back substituting the 


result [4.2] for N(11) into Table 4.e. 


oe 


e. Part ec. Determining the optimal multiplier (A). 


The optimal multiplier A is defined as that number 
which provides the least squares solution minimizing the 
vertical distance between the projected stocks and the stocks 
lying on a line between the starting stock and ending stock. 
This measure of effectiveness was suggested by the CG’s 
desire to remain as close to the 1 OCT - 30 SEP line as 


possible. We define the following additional variables: 


eee «C) Dano COCK | OmmmMontmetcelyima om the Line 
segment connecting N(O) and N(ie)>s i.e. 
Sree NCOpms CDEC rt I Dine peer fawos 


Let D(t) be the derivative ae TeSpect Cah sot —NG@Gyy i.e: 


D(t) = §NCt) 
5A 


Then from Equation [4.2] and Table 4.2; 


D(11) = NUMe2/DEN 


D(10) = 2*NUM2/DEN 

D(9) = 3*NUM2/DEN 

D(a) = S*NUMeC*WJ/DEN 

D(7) = S*NUM2*WI/DEN —- DEL 

Ge] — sxNUMesWwo/DEN —e*DEL C4.4] 
D(3) = S*NUMe2*WI/DEN -3*DEL 

D(4) = S*NUM2xXWI/DEN —-4*DEL 

Bis = SanuiMexWI7DEN —-3*DEL 

D(2) = S*NUM2#*WI*WD/DEN -S*WD*DEL 

D(1) = 1,.5*NUM2*WI*WD/DEN —-2.5*WD*DEL 


eS 


The optimal multiplier A was defined as the value of 


A which minimized the sum of squares of the vertical distance 


between N(t) and P(t). We can solve the equation resulting by 


taking the first derivative of the sum of squares set equal 


to zero to obtain the optimal value of A: 


: = 
3 = (NOU = P'C Eo aa [4.5] 
, ic 





Taking the derivative with respect to A we obtain: 


jem 
Oo § € CNC) = PCt) avec (ts — oO a. [4.6] 
t=1l : 


Substituting equations l+aeae C4.4] and the values in 


Table 4.2 into equation [4.6], we can solve for A. 


11 
& D¢(t)*#P(t) +CNUMA*K3I+C0NUMB*¥K1J+0N(12)*K4IJ-£(NUM1/DEN) *K5S] 


_ tt 


Bee [DENA*K3] + CDENB*K1] + C(NUM2/DEN)*KS] - DENC 
[4.7] 


where for notational simplification: 


Ki =e). so Cle 


Ke = oN CO bn i) 
8 
Ks. Se Dit 
t=3 
Ko = DC10)+eD(9) 
KS =" D( ti leeD C10) 2ab ae 
NUMA = WJ*l2*N(12)+RI-(3*NUM1/DEN) J 
NUMB = WD*{CAWI*N( 12) J+CWJI*RII+RD-C3WJI*NUM1/DEN] > 


DENA = 3WJI*NUM2/DEN 


DENB WD*C (3WJI*NUMe2/DEN) -SDELI 


Il 
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8 
DENC = & (8-t)*DEL*D(t) 
t=3 


Taking the second derivative with respect to A of equation 
C4.5] to see if our solution iS a minimum and making the same 


substitutions that led to equation £4.46] we obtain 





2 i = eal 2 
S PeENCt) — P(t) 3 = 2*rTiD ¢(t) +€N¢t) ee er 7 
sak c=) t=1 4.8] 
where we have defined Di‘t) — S-N(t) 
ee 


But if we examine the results of equations [4.4] we see that 
the first derivatives,s Dtt)s are not functions of A for any 
Value of t and therefore the second derivatives ; Dt) are 


always zero. Equation (€4.8] reduces to 


11 11 
e= os CNCt) - P(t)2© = Bee Dect) 
sue es on 


5A 
Therefore, since we previously stated that DEL is never equal 
to zero; the second derivative 1s always greater than zero. 
Therefore our solution for the optimal multiplier A 1s a 
minimum of the least squares equation. 
Se Fart 3; Partial Year Model 

The essence of the solutions to the various cases of 
the partial year model described below is the Dinary variable 
Z(t) which turns the months prior to t off when calculating 


the partial year cases. 
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The following variable modifications and additions 


will apply to all cases of this variation of the model: 


k = starting month k= WsiGiiiw ie a he 
FTE = The annual manyear consumption constraint 
eS = The manyears left to consume between 


month k and the end of the year 


k 

PTE = & (NCtC-1l) ONG Soe C4.l.al 
=1 

The binary month switch variable is 


Z(t) = j for -b > vk 
kK O otherwise 
DEL ="“ENCLlEI-NUKO2 7/7 Cle— 
The points on the line connecting beginning and ending 


stockss N(k) and N(1le);5 are 
P(t) = NCk)+ C(t - k)/(12 - k)I*¥DEL , t=k+1,...512 
If we substitute a(t) * N(t) for N(t) in equation (4.1.ad; 
and make the same substitutions we made to arrive at equation 
[4.23 we obtain: 
N(11) = (NUM1 + A*NUM2) /DEN | (4.2.a] 
where we now redefine 


NUM1 = 2&4 FTE, 2 C(WD* (WI*RI+CEWI¥N( Le) J+RD) #led (1)t2 fe)d) a 


6 
CLOWIEN( Le) +eWIHRI IHL Ct) I-CCL+?S, (LIIENCODIFENC LE) CEL (10) 442, (9) -1 43 
t=1 
8 
NUMe = eDEL *{ 2 CB-ti2, (t) 3+ COWD*DEL Cec, (1)+2 Ce) )) 
t=3 | 


Bé 


8 


DEN = 2+4Z, (10)+6Z, (9) +{O#WI*D Z(t) }+{3*WJ*WDL2Z, (1)+Z, (2)1) 
k k regk k k 


An examination at. the equations and graphical 
representation in Figure 4.3 reveals that there are three 
different cases possible when forecasting stocks after 31 
October. 

a. Eleven month case (k=1) 

We need to forecast stocks for 30 NOV through 
30 SEP Hsing 31 se@ctober data. This case will be an 
abbreviated version of the part l1 model and will forecast 
Meee tmrough N(1ll). 
The optimal multiplier A is calculated as in equation 


(4.5] by substituting D(t)*Z,(t) for Dit). 


We solve equation C4.2.aj} for N(il) where k=1 = ands By 
substituting N(11) into the equations in Table 4.2 and 
Finally modifying the stocks by substituting 


N(t) = eRe 


we obtain the forecast stocks N(t)s t= @3;35...11. 
mi Ten month through five month case (k = 253;...57) 
We need to forecast stocks for the remainder of 
the fiscal year; beginning cen month between 30 November 
and 30 April. This model is also a modification of the part l 
model. The difference is that there is one and only one slope 


Of the 31 DEC - 31 MAY line segment that allows’ the FTE 
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constraint to be satisfied and therefore there will be only 1 


multiplier (A) possible. 


STOCK 


Figure 4.10 
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Figure 4.10. 





31 WAR 31 WAY a1 AL 0 om 


MONTH 


Ten to five month case 


case we forecast N(k+1) through N(11) where 


In this 
K = 2533545553865 or 7. 
| Cl = 1 tak 
Ce = 2air k 
CS. = Stk 
C4 = 4 if k 
CS =" 3-1 k 


The following are the modified 


Define the following variables: 


< 


Gs 


ae 


Gs 


4s 


Hay 


1) 


4-k otherwise 
o-k otherwise 
6-k otherwise 
7-k otherwise 
S8-k otherwise 


equations to account for the 


abbreviation of the forecasting model: 


N(3) 
N(4) 
N(S) 
N(63 
N(7) 


N(8) 


N(3) - 203) *0WDEY CO) aba 


N(3) 


N¢(3) 


NiGso 


N(3) 


N(3) 


+C1*#A*DEL 


+CexOxDEr 


+C3*A*DEL 


+CG#*A*DEL 


+C5*A*DEL 
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N(9) = CL1I-WJIIN(8) +RJI 


Pesta NtS)+tN( le) J 


N(10) 
Nelly e=ea7SENCY) +eN( le) 3 
We can substitute the above equations into equation [4.6] and 
solve for the multiplier A in the same way we solved equation 
C4.73. The result is: 
7 


e4F TE, -SN(1e)-GRI-N(O)~e( {2 Z 


(EIFS-EWII#IN(O)—2, (3) *EWDEN(O)-RDID) 
t=3 


k 


C2 (4)eC1) = c2) (3) *Ced at C2) (6) *C3] r C2 (7) *C4) + CC S-eWJ #2, (8)*C5] 
[4.10] 
We can now solve for N(t) by using the appropriate 
equations described above . We can eliminate months prior to 


the current month k by modifying the forecasts;s using 


N(t) * Z(t) in place of N(t). 


c. Four month through one month case (k= 8;9,;10;11) 
We need to forecast end of month stocks beginning 
ee any Period after 31 MAY. See Figure 4.11. We will ignore 
the FTE constraint in this portion of the model. Relaxing 
the FTE constraint makes sense because at this late date, our 
forecasts will have little impact on policy changes that 
would be necessary to make significant shifts in the growth 


patterns. A method to include FTE is discussed in Chapter VI. 
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32400 32800 


32000 





g 31600 


3t NW 31 Au 31 WAR 31 WAY 31 AL x =P 
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Figure 4.11 : Four month case 


This case 1s used to forecast N(k+1) through N(11) 
where k = 8,9,10,11 . The solutions are simply applications 
of the general equation y = mx + Dy with 

N(9) = NCB) #C1/WTI+ mi Toe k = 8 
N(C10) = C2/33#N9) + [E17 33eNCl2) Seog k = 8 Oe 
NC11) = CI/SSI*NCS) +e SI tNG lee tom k = 8 or 9 
NC11i) =.€.S*N( 10) 0) + Sis Nicle for k = 10 


C. EXAMPLES 

We previously described the output of our ee Tom 
various FTE constraints in Figures 4.4 through 4.9%. 
Additionallys we can see the effect of changing the 
multiplier A from the default value calculated above. 

1. Growth example 

In Figure 4.12, the default value of the multiplier A 

is 1.431. In Figure 4.13, the value of A is lowered to .75. 
This causes more rapid growth at the beginning of the year. 
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A value of A higher than the default in this example would 


have caused more rapid growth at the end of the year. 


STOCK 
32000 32500 33000 
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2 
8 
10CT 31 NOV 31 JAN 31 WAR 31 way 31 Jue 30 Se pry 10CT 31 NOV 31 SAN 31 war 31 way 31 JUL 
START = 31000 END =33000 FTE =32000 A =1.431 START = 31000 END =33000 FTE =32000 A = .75 
Figure 4.12 : Default A Figure 4.13 : Lower A 


2. Shrinkage example 

In Figure 4.14, the default value of the multiplier A 
ioe. . In Figure 4.15 the value of A is raised to 1.5. This 
Causes a more rapid decline at the end of the year. 
Similiarlys a lower value of A would have caused a more rapid 
decline at the beginning of the year. 

We can use the changes obtained by modifying the 
multiplier A to include the effect of Ceipeted changes in 
the recruiting environment, i.e. the CG may want to change 


the multiplier A to capitilize on good recruiting months. 
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“1 10¢T 31 NOV 31 JAN 31 WAR 31 WAY 31 UL 30 SEP tocr 31 NOV 31 SAN oan ee 31 A 30 SeP 
START = 32000 END =31000 FTE =31500 A =.799 START = 32000 END =31000 FTE =31500 A =1.5 
Figure 4.14 : Default A Figure 4.15 : Higher A 


The algorithm will always provide a solution at the 
beginning of the year when FTE > O. Clearly, the solution may 
violate other constraints such as the upper bound on monthly 
recruits and mid-year calculations may not have a feasible 
solution to the FTE constraint. The algorithm will provide 
feasible solutions to historically typical data. Other 
atypical situations and posible alterations to the solution 
will be discussed in chapter VI. 

Lastly, 2t 1s possible that the CG would want to 
explore the effect of ignoring the FTE constraint. The most 
practical implementation of this decision would be to use the 
model as developed and input an FTE constraint that is the 
average of the beginning and ending stock. The effect of 


this FTE would be to approximate a straight line. 
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V. MARKOV TRANSITION MODEL 


We have chosen to consolidate the personnel movements 
described in Chapter III into a modified Markov transition 
model as described by Bartholomew and Forbes [CRef. e:pp. 85- 
100). This model was chosen because it seemed to most 
closely reflect the type of system the CG has and for which 
we had complete data. The CG has a hierarchical paygrade 
structure and personnel flows consisting solely of acces- 
sions, attritions and promotions to the next higher paygrade 
Seen. ec:Dp. 83-87). However, the following modifications to 
the standard Markov transition model are needed: 

1. The CG personnel flow rates are non-homogenous (they 
differ from month to month). 

2. There are constraints on the number of accessions per 
month. As described in Chapter IV, December and June 
accessions have an upper bound of £00 and 100 respec-— 
tively; and a lower bound of zero. The remaining 
months have an upper bound of 720 and a lower bound of 
ie O. 

3. The number of E-8 and E-9’s is limited by law to two 
percent and one percent of the total force strength 
respectively. 

4. The 30 September total force strengths are specified . 

3. The rate at which. the CG changes is regulated by the 
man year consumption constraint (FTE) set by law. 
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These modifications ;, except the accession limits for all 
months other than December and Junes have been explicitly 
integrated into the forecasts of personnel flows developed 
in the preceding two chapters: 

1. The personnel flow rates discussed in Chapter III were 
developed as a function of the time of year. 

©. The December and June accession constraints were 
incorporated into the total force projections developed 
in Chapter IV. 

3. The E-B and E-9 stock constraints were incorporated 
into the promotion rates developed in Chapter III 
through the use of the PYR var ieee. 

4. The 30 September stock and the FTE constraint are 
incorporated in the force projections develsnes in 
Chapter Melee 

We have decided not to explicitly incorporate the. 
accession limits for any months except December and June 
because they are not operative when the system is within ive 
Rtecomical kt typical bounds. In Chapter VI we will describe 
a method to modify the model in circumstances outside of the 
typical operating bounds. 

The Markov transition model states that, on the average 
[Ret ." le 2poe7 -ous the stock for paygrade 1 at the end of 
month ts; 15 equal to the number of paygrade 1 personnel 
staying during month ts; fl - Dp. C Cede w, (t)] % n,(t-1); 


l»sitl 


plus the number promoted to paygrade i from paygrade i-l 
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during the same month, ae * ey ee eo nel Ssrc ine 
accessions into paygrade 1 during the same month; ri (t). 
The notation used in the Markov transition model has been 
developed and described previously. It 1S repeated here 
briefly: 
nN, (t= the stock of paygrade 1 on the last day of month ¢t 
p (t) = the promotion rate from paygrade i to 


i,it+t 
paygrade iti. 


w(t) = the attrition rate from paygrade 1 during month t 
ct? = the number of accessions to paygrade 1 during 
month t 


Therefore, the Markov transition model results in the 
Following equations to forecast the stock of Ppaygrade i at 


the end of month t: 


n.(t) = n.(t-1)*Li-p. (to-w.(t)] + n (t-Lep. 2 .(t)+ r.(t) 
a 1 ls 1 al Lis i } 


irl 1 


1= 2933459365758 
and 


= = - ~- = 
n te) net 1)*C1 Pies” Be) rr et) 


Nolt) Nolt-l)*tl = Woft)J + aoe re ee) a tr a(t) 


ue D9.-1 15 an example of the results of our model when 
Programmed on a standard spreadsheet. This example begins 
with a stock of 29953 and the total strength grows’ to 31775 
at the end of the fiscal year. The FTE constraint used was 
31000 (the last number in the row labeled CUM FTE). The 
Column of numbers labeled 1 October form the initial stock 


vector 5, n(Q). The promotion and attrition rates; the 
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recruitment vector and the total stocks were calculated as 
described in Chapters III and IV. Each subsequent month’s 
Column is the forecast stocks, n(t), as of the last day of 
the month. 

PROJECTED RESULT FOR FISCAL YEAR 1927 


Smo aS Soe SI SSeS SSeS Set eS eS eS Se SS SS Se SS Se Sa SSS SS SS SP SBS S22 SVS BMF F S82 FS See 2 8 Se 2 2 22 2 ow = 


PRY tse ee a 
GRADE 

E-?_ 300 202 305. 0S «= 07 909 Sit ee ee 
Feo 306 0H 1d S12 G15 ~~ SiS) cess ees ee ee 
Fo?) 6 276 06e7S2 62785 «62765. 279d 2800) 2320) (2880 ees? eee ee soe ee come 
e-6 410) 9414 9452 9456 Go4d 8530 5559 9597 3434 2640 9726 S724 3708 
Ee «S900 «65465 «(S4e0 5430 S717 S727 “G5Bb “36d7 9 ga7 oe ecU cease 
F-47315) 7043) 76ll 7a?) 7476 750) fect 758o ser oye tee 
E~3 4286 4133 4020 3911 2597 3649 (2502 dant) Jeca Mess aly sic 
E~2 2892 273942931 «3e78 S547 G27] se00ee gare s/ soca) eden coon 
E-l 833 1361 1995 1140 1292 [59)98i598 1706. 1730 S332 ee ee gece 


TOTAL 29953 30232 30311 30469 30683 30897 Ji111 31325 31539 31295 91495 31415 31775 


Pre 207, 20d0. co40. 2568. ché5. 25855 ch0l. 2519. colesscois eae wean ie 
CUM e007. S038. 7979. 10127 12493 Loe77 17978 20498 esilé 25730 223958 31000 
Pie 
RECRT B56 «6658 «= kD 60 741707) 699) b92 100708 Add 
CUM 
RECRT B56 1514 1714 e315 3056 3763 4462 3184 3c54 3962 8765 7432 


Figure 5.1: Sample Spreadsheet Results 


Figure 35.2-is another example where total strength begins 
with 29953 and then shrinks to 29000 at the end of the fiscal 


year. The FIE constraint weed waseeosoon 
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PROJECTED RESULT FOR FISCAL YEAR 1987 


OCT Gc? NOY DEC JAN FEB HAR APR MAY JUN JUL AUG SEP 


— 


ee 
BRade 
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FTE . : 
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Cun 

RECRT 494 789 989 1328 1746 2159 2585 2983 3083 3541 4027 4457 


Figure 3.2: Sample Spreadsheet Results 
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VI. MODEL IMPLEMENTATION 





A. IMPLEMENTATION 

The estimations described in Chapter III, the forecasts 
je Vvemonee in Chapter IV, and the modified Markov model 
described in Chapter V were merged into a comprehensive 
Military Employment Capability Plan GMECR) model and 
programmed on a Computer spreadsheet. This programming 
environment was chosen because it is widely used and accepted 
in the Coast Guard. Additionallys it has the advantage of 
allowing direct modification of most of the model parameters 
and the aneeuceneer formulas Bec parallel the equations 
developed in the previous three chapters, allowing easy 
maintainability of the model. 

The MECP model is deterministic and hinges on the point 
estimates of the sbeeacies ratess promotion rates and 
expected recruits developed in Chapter III. Various 
assumptions about the model constraints have been discussed 
in the previous three chapters. Programming in a 
spreadsheet allows a user to explicitly change constraints 
and previously calculated values. This provides an easy 
method to analyze the effect on accession needs and force 
structure of the uncertainty inherent in the value of point 
estimates and our assumptions. In short, the decision maker 
can utilize the model to explore the effect of several 
combinations of "what if" situations. The purpose of 
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this chapter is to describe the major effects of changing 
some of the key estimates; constraintss and variables on the 
accession and force structure forecasts. The remaining 
discussion in this chapter will focus on modifications to the 
model in light of the spreadsheet implementation. Appendix D 
Contains specific directions for use of the MECP model and 
also describes the detailed entries needed to obtain the 


basic results of the model. 


B. REASONS TO CHANGE THE MODEL PARAMETERS 
There are four major reasons that temporary changes to 
the model parameters may be considered. 
1. External Policy Changes 
The legislated constraints (end of year strength and 
FTE) may change during the year as programs are added or 
deleted from the CG’s missions. Other legislation might 
Indirectly influence the model parameters, for examples a 
mandated pay raise without additional payroll funding might 
influence the rate of growth during the year. : 
2. Internal Policy Changes 
The CG periodically changes internal policies with 
regard to length of enlistments and contract extensions; 
retirement policies; promotion policies and the shape of the 
force pyramid. The exact effect of some of these changes 15s 
Frequently unknown due to a itlack of historical data. The 
decision maker may; however ; want to examine the effect on 
the force structure and accession needs resulting froma 
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Marticular policy change, for examples an anticipated ten 
percent increase in attritions. 
3. Infeasibilities 

Infeasibilities can be observed in two ways in the 
MECP mode First, negative recruits and negative stocks in 
Paygrades E-1 and higher are possible when a large shrinkage 
1s called for, indicating that the change called for requires 
a change in the promotion and/or attrition parameters. 
Secondlys when "ERR" appears in one or more cellss this 
indicates that a mathematical solution 18S impossible. This 
condition may occur in a full year model if the FTE is less 
than 1724 of the sum of N(O) and N(12)3 and in a partial year 
model if the FTE consumed to date exceeds the FTE constraint 
or if the multiplier A specified is ee than the 
Calculated value. 

4%. Adverse Results 

mies model produces good results when the change 
during a year does not exceed three percent. | When the 
changes approach ten percent, major changes in the attrition 
rates and/or promotion rates should probably be made. The 
need for changes will be obvious when the stocks in a 
particular paygrade (especially E-4) are examined. There will 
usually be aclear upward or downward trend in stocks that 
will be unsatisfactory in the context of the rest of the 
model. The major parameters used to modify the results are 


Promotion rates; the billet pyramid and the FTE constraint. 
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C. MAJOR PARAMETERS AFFECTING THE MECP MODEL 
tf. Attrition Retes. 
Increased attrition rates may be needed to cope with 
a decrease in force size greater than five percent. Figure 
6.1.a 15 an example where the total force strength declines 


from 299353 to 25000 (16.5 percent). The negative numbers in 


the recruit row indicate an infeasibility (accessions cannot 
be negative). The negative E-1 stocks are a direct result of 
the negative accessions. To correct this problem; we ooo 


from Chapter III that accessions are calculated as: 


9 
mec) =n tb) — 2 £1 - W. (t-1) Jen, (t-1) 
i=1 
and consequently a negative R(t) can be corrected by 
increasing a combination of the attrition rates , W(t). 


Figure 6.1.b 1s the same scenario as Figure 6.1.4; 
except the E-5S through E-9 attrition rates have been 
increased 15 percent, the E-1 through E-4& attrition rates 
have been increased ¢€5S percent and the promotion rate to E-4 
has been decreased 30 percent. The modified attritions rates 
feeemmodate the lange shrinkage called for, without the need 
for negative accessions. 

The CG may increase attrition by implementing inter- 
nal policies such as allowing discharges prior to the normal 
expiration of enlistment, or for below average performers. 
The MECP model may give an idea of how much the attrition 


needs to increase to achieve the desired end strength. 
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PAY {OCT OCT NOV DEC JAN FEB MAR APR WAY JUN JUL AUG SEP 
GRADE 0 er Ses a ee 
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TOTAL 29953 29510 29068 28814 28376 27939 27502 27065 26628 26309 25872 25436 25000 
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CUM FTE 2477, 4919.4 7330. 9713. 12059 14969 146643 18980 21086 22260 25398 27506 

RECRT ry a ey 
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Figure 6.1l.a Sample Infeasible Results 
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Figure 6.1.b: Sample Corrected Results 
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Personnel policies implemented for other reasons may 
also increase the attrition rate. Examples of these type of 
policies include changes in the length of contract 
extensionss the length of enlistmentss mandatory retirement 
policies; changes 1n recruit training policies and changes in 
recruit quality. The MECP model can be used to perform a 
sensitivity analysis with respect to a particular policy. 
For examples the CG may be able to determine that a change in 
contract extensions would only affect the Meee ne VOM Of =-> 
through E-6& personnel. The MECP model allows the user to 
examine the impact of changes in attrition rates in those 
Paygrades on the entire force structure. - 

Unlike the above discussion of increased attrition 
rates; the no Same minley of decreased attrition rates 15 
unpredictable. Changes in policy such as the Selective 
Reenlistment Bonus program; the quality of recruits accepted 
and quality of life programs seek to decrease attrition 
rates. However; as aeetssed te. Chapter “aime, ita Seeder 
ficult to quantify the human decision making process to leave 
the service. The MECP model can also be used to explore the 
possible effects of these kind of policy changes. 

ee =rromotions 
Changes to the promotion rates will affect both the 


forecast force structure and the accession needs. 


HOG 


a. Paygrades E-5S through £E-9 
The MECP model utilizes the PYR; and PCT (tt) 
parameters to estimate the E-S through E-9 promotion rates. 
These parameters relate to CG personnel policy and can be 
changed to directly reflect a changing force structure. The 
spreadsheet model allows explicit changes to these variables. 
b. Paygrade E-4 
Promotions to paygrade E-% area direct reflec- 
tion of the CG A-school (formal training required to advance 
to E-4) policy. The estimates used By the model are a Tour 
year average and we have determined that this provides the 
best available estimate. However, it is Clear that muon more 
accurate results can be obtained by using the results of the 
A-school model as input to the MECP model’s E-4& promotion 
rates. Conversely, by varying the E-% promotion rates in the 
MECP model, we can forecast the number of A-school graduates 
that will be needed to obtain any desired level of E-4s5 in 
any month. 
Ce pavigrade E=i theotchme—s 
Promotions to paygrade e- 3 are estimated from a 
Tour year average of promotions. in Chapter II, we discussed 
the fact that this historic data was missing and we were 
Obliged to compute the "data" using the balance of flow 
equation. It 15 recommended that as more data becomes 
available, these promotion rates be updated using standard 


estimation techniques. | 1G appears that the best 
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interpretation of the results, with the estimates we have, is 
to view the stocks in paygrades E-1i through E-3 aggregated 
into one category. This is how the CG currently views these 
paygrades. The MECP model; however; is set up to provide a 
paygrade breakdown for the time when more accurate data 
becomes available. 
3. Growth Pattern 

In Chapter IV we described our assumptions of near 
linear change between the beginning of year force strength 
and the end of year force strength. The CG may want to 
change this assumption for many reasons. 

a. Payroll costs would be minimized by encouraging growth 
to occur at the end of the year or shrinkage to occur 
at the beginning of the year. This situation might 
occur if the CG was required to give a mandatory pay 
raise to its personnels but was not provided the funds 
to do so. 

6b. The CG normally has a long range schedule of unit 
commissionings and decommissioningss;s major facility 
changes and personnel needs. It may be desirable for 
the growth pattern to approximate the anticipated 
personnel needs. 

c. Historically typical FTEs lie in a range near the 
average of N(0O) and N(1le2). The relative size of that 
range depends on the difference between N(O) and N(1e2). 


When the difference is small, the FTE range can include 


Os 


N(O) and N(1le2). A large differences however;s typically 
results in aFTE range close to the average. A FTE 
constraint which is outside the typical range might 
result in month to month changes in force strength that 
would be unacceptable. 

Ge The recruiting needs forecast by the MECP model may be 
unattainable by the recruiters or they may exceed the 
capacity of the recruit training center. 

Any of these situations can be dealt with by changeets 
the FTE constraint and/or the multiplier A. The model is 
extremely sensitive te Ure Major =i eee in this 
constraint, especially outside the previously described 
typical ranges will cause large fluctuations in the monthly 
stocks. Since the FTE constraint and multiplier A are highly 
correlated, it will be necessary to experiment With various 
combinations to obtain the desired results. Figure 6.2 is an 
example of the growth patterns resulting from making several 
changes to the FTE or multiplier A. In Figure oa we see 
the default solution for a beginning strength of 29953;an 
ending strength of 31775, an FTE of 30740 and model’s default 
multiplier A equal “te 1.3aa- In Figure 6.2.5 we see the 
solution resulting from increasing the FTE to 31550. 

In Figure 6.2.c we see the solution resulting from 
decreasing the FTE to 30250. In Figure 6.2@.d. we see the 
solution resulting form increasing the multiplier A to 1.9%. 


In Figure 6.2@.e we see the solution resulting from decreasing 
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TABLE 6.1: RECRUIT PeRpeeoots 
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the multiplier A to 1.0. The impact of each of these cases 
On recruit foneeaeree as taken from the recruit forecast line 
of the spreadsheet output, 1S Summarized in Table 4.1. 

Occasionally; ae CG may wish to ignore the FTE 
constraint altogether. An FTE equal to the average of the 
beginning and ending stock will result in a growth pattern 
that is as close to linear as possible. Alternatively, the 
results of Chapter IV can Be@igncrcasall together. 

In Chapter IV; we assumed that we would ignore the 


FTE constraint in the partial year case, after 1 June. Our 


GJ 


Previous assumptions state that ance the 1, MAY soar is 
KNOWN ; the 30° Jume  stoer, Ncon can be estimated directly 
because the attrition rate and recruit numbers are fixed. fe 
is possible to meet the FTE constraint exactly in a partial 


year model where k = 8 or 9 and by specifying any combination 


Of N(10) and N(11) which satisfies the equation: 
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FTE, = ON Gy) iene teeNC lO) + 2exNC(ildd] + 24 


In the case where k = 10 the exact FTE is met for the value 
of N(11i) which satisfies: 
FTE | oF CINCO USN Cley + C#NC LI) = 24 
In summarys it may not be possible to generate 
acceptable solutions and heed all the constraints without 
making some ona eotiie nS to the MECP model parameters. The 
MECP model allows the decision maker to evaluate the effect 


of relaxing or restricting any combination of the parameters. 
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VII. SUMMARY AND CONCLUSIONS 


A. SUMMARY 

In this thesis; the problem of forecasting the enlisted 
CG monthly accession needs and force structure is solved by 
using a modified Markov transition model to integrate 
estimations of the pertinent personnel flows into a 
comprehensive MECP model. 

The monthly attrition rates for each paygrade are 
estimated with an econometric regression - model. The 
Promotion rates to paygrades E-S through E-9 are estimated 
through the use Of a model which su eonnetoe the CG 
promotion process. Promotions to paygrades E-2 through E-4 
are estimated from historic data. The monthly stocks are 
oyoeenoet came calculated to meet a man year consumption 
constraint. Accessions are calculated from the balance of 
flow equation. 

The model is implemented on a spreadsheet and allows the 
decision maker to examine the possible effects of various 


policy changes on the model results. 


B. VALIDATION OF THE MODEL 

The availability of complete data for the first eight 
months of FY87 (1 QCT - 31 MAY) allowed us’ to assess the 
reliability of the MECP model over a short period of time. A 


statistical comparison is inappropriate because the actual 
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data reflects numerous changes to policy and goals. We will 
attempt to show that the MECP model forecast for FY87 
favorably compares with the actual data. 

1. MECP Modei Forecast 

The 1987 forecast began with 1 October stocks ( see 
Figure Jee end ceconomic data available om i October. fhe 
MajOr Parameters are: | 

Pemeeotanting stock = 2995s 

mmeending stock target = 31775 

meee ee Constraint = 30740 
The attrition rates were calculated from forecast economic 
data that was available prior to 1 OCT 86. 

The model results initially showed a’significant 
decline in E-4 stocks. As previously discussed in Chapter 
VI, in a situation of significant growth (5.9 percent in this 
case) we expect to have to adjust some of the model 
parameters. We increased the E-4 promotion rate from .04133 
fmmeOD. Figure 7.1 is the resulting forecast for FY87 based 
On data available prior to 1 OCT 8&6. The actual stocks and 
aeoemeews TOr 1 OCT 86 through Si MAY 87 are listed in Figure 
oe. Ow 

2. Comparison of Forecast Results and Actual Stocks. 

We can assess the reliability of our forecast by 

comparing plots of the forecasts and the actual values over 


time. 
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a. Attrition Rates 

The attrition rate forecasts drive most of the 
other model forecasts and are considered first. In Figure 
7.35 we see a good forecast of attrition rates for paygrades 
E-4 through E-6. The results for paygrades E-8 and E-9 are 
mixed; however s it should be noted that the largest 
discrepancy for £9 attritions (OCT 86) translates to an error 
of four peoples; likewise; the largest discrepancy for E8 
attritions (FEB 87) translates to an error of two people. 
In paygrade E-7, the estimates are consistently low. However; 
due to the low Brees ion rates, underestimation averages less 
than six people each month (¢( out of a stock of about 2800). 


The trends for the paygrades E-1i through E-3 look good but 


‘paygrades E-e@ and E-3 are overestimated, while paygrade E-i 
1S underestimated. In Figure 7.4, the aggregate attrition 
rate is consistently underestimated; probably due to the 


influence of the E-! paygrade. We suspect that the E-e and 
E-3 attrition rates are overestimated due to the method of 
"computing" the data discussed in Chapter I1. We suspect 
that the E-1 attritions are underestimated due to the 
adjustment made to account for a recruit training policy 
Change discussed in Chapter II. The problems noted might 
suggest a need to at least temporarily adjust the model’s 
attrition rates if there is evidence to suggest that the 
trends noted are consistent with future expectations. Such 


results are not unusual in econometric regression models and 
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Figure 7.4: Total attrition Rates 

emphasize the need to routinely reevaluate the underlying 

See ssion model used to forecast the attrition rates. 

a... Promotion rates 

The MECP model’s estimated promotion rates for 
Paygrades E-5 through E-9 are compared to the actual 
promotion rates in Figure 7.5 (actual data for promotees to 
paygrades E-e through E-%& was not available). We see that 
the most accurate estimate is that of the promotion rate to 
“paygrade E-5S. The promotion rates to paygrades E-8 and eS7 
are fair estimates except that for some months the forecasts 
are somewhat high and for others they are somewhat low. The 
estimates for most of this period seem to be too low for 
paygrades E-6 and E-7. The underestimation of paygrade E-7 
is directly due to the previously mentioned underestimation 


af the E-7 attrition rates. The underestimation of paygrade 


PiS 


E-S is not easily explained; however; looking ahead to Figure 
7-7 (stocks) we can see a ‘large spike in E-6 stocks; 
indicating the possibility of an isolated policy change. A 
careful examination of the data indicates that the i OCT, E-6 
stock was larger than the historic percentage of total force 
strength (PYR parameter). The model shut off promotions 


until the correct pyramid structure was restored. This is 


normally how the CG operates. For some reason this policy 
seems to Nave been temporarily changed, Nowever we ares 
encouraged in that as the year Ooroaqresses; the actual and 


Toreceast stocks seem to be converging. 
Ga RECruLts 
Figure 7.6 indicates that the Torecast accessions 
reflected the actual accessions reasonably well. The cs 
reduced the target end strength from 31775 to 31375 in JAN 87 
and since the forecastS were based only on information 
available prior to 1 OCT 86, we would expect the accession 
estimates for the months after 31 JAN 87 #=‘to be somewhat 
highs as reflected in Figure 7.6. 
Gis Ses toecics 
The comparison of stocks seen in Figure 7.7 
indicates reasonably good forecasts for paygrades E-7 
thr cuGheea> cen cme. =) The significant difference in paygrade 


E~S6 suggests a change in the billet structure that is not 
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Figure 7.6: Accessions 

reflected in the MECP model. The sharp decline in E-4& stocks 
that is also not reflected by the forecasts is due to the E-4 
promotion adjustments previously mentioned, made to account 
for the significant growth anticipated in this scenario. In 
reality, such an adjustment was not made until later in the 
year as seen by the upturn in actual stocks after MAR 87. 

This 18 a good example of how the MECP model can provide 
input to the A=school model. The increase in the ge. 
Promotion rate from .041 to .05 suggests that in order to 
.maintain the E-4% stocks in the growth scenario we are 
examining,s 1t would be necessary for the CG to increase the 
number of A-school graduates. In summary, the total stock 


comparison in Figure 7.8 is as favorable as can be expected. 


C. CONCLUSIONS AND RECOMMENDATIONS 

We conclude that the MECP forecasts seem to reliably 
reflect the actual data for the eight month period examined. 
The important discrepancies are explained in terms of 
Darameters included in the MECP model which would have been 
adjusted in the regular use of the model. 
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Figure 72833) Total Stocks 

The continued collection of pertinent personnel date; 
Wespeceniy as data becomes available duckies more turbulent 
economic environments, could provide more accurate estimates 
of the personnel flows; especially, attrition rates and 
Promotion rates tq paygrades E-e2 through E-4. Additionally, 
the model might be modified in the future to allow for the 
optional specification of fixed recruit levels. 

The MECP model seems to provide satisfactory forecasts of 
monthly accession needs and ferce structure. Additionallys 
it has the potential to provide valuable input into other CG 
personnel models such as the A-school and SRB models. The 
MECP model is easily modified to reflect changing personnel 
Policies and economic conditions in its forecasts; providing 
the decision maker with the opportunity to explore the 
possible effects of a variety of different situations. 
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DATA UTILIZED IN THIS STUDY 


Data is modified as described in Chapter Il. 
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MAR 85 me O 8 lS 20 33 346 266 344 
APR 85 O 7 9 16 30 52 199 e52 217 
MAY 85 O 1 4, 24 ag 38 375 265 268 
JUN 85 O 5 18 Ge, 104 43 217 188 100 
JUL 85 O 4 17 63 194 591 611 286 189 
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MAR 86 O 3 g Ls 37 73 213 247 135 
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APPENDIX B 


SAS PROGRAM USED IN THIS STUDY 


OPTIONS LINESIZE = 80; 
DATA PARTI; 
oxPUT E9 EB 
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§ 
DATA PART2; 
INPUT MNTH CPT1 CPI6 CPlie PDIF. INLAG! INLAGEe; 
Me=MNTH¥¥2 5 
MS=MNTH*¥*3 5 
MG=MNTH#*4 5 
CARDS; 
e Fool? .0360 .0557 .0157 332 360 
e -0072 .0394 Ca30 0138 425 332 
4 .0010 .0303 . 0387 0013 421 425 
5 sO .0062 20375 .0075 313 421 
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DATA PARTS; 
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CARDS; 

0006 
--.0016 
-.0016 
-.0016 
0092 
0091 
.0090 
.0075 
0074 
0074 
0049 
0049 
0049 
.0059 
.0059 
.0058 
.0079 
.0078 
.0078 
0041 
0041 
0041 
0019 
0019 
0019 
0012 
| 0012 
| 0012 
| 0025 
) 0025 
0025 
0019 
0019 
0019 
0034 
.0034 
.0034 


eros 
Ola a 
mols S 
70129 
~0046 
~0006 
0009 
ROOD 
PVE 
0034 


Om 7 
-0389 
FOs1e 
BOV2e6 
-016e 
0156 
0174 
-O161 
wOLoe 
20176 


0071 
sous 7 
BOOS 
OOS! 
S009 
-0140 
mOccCO 
Rosle 
-0412 
20206 


.0462 


.0418 


0376 


-0360 
0344 
2USee 
pos 56 
0388 
.0418 
~Oan 7 
7036 | 
nOSos 
0301 
0241 
U1 ee 
HOLoS 
.0124 
R007 2 
0101 
20107 
sols 
FOL19 
nOleS 
TOlse 
.0142 
Ola 
-0160 


= .ONGe 


SOLS 7 


= O19 


s00co 
-O161 
0297 
-Jg56 
-0415 
0474 
Ua 9 
0564 
0609 
0689 
(0770 
ALCS) 10. 
J0ea7 
wees 
.0810 
0774 
Foy 30 
-070c 
0670 
BOGSo 
0608 
10557 
“Gai 
.0462 
0406 
Os a1 
s0C77 
~0274 
2c 
-0e29 
0244 
0260 
sOe75 
0280 


= 


183 
7S 
te7 
184 
164 

elo 
sean 

154 
15 
163 
145 
138 
e43 
1358 
124 
200 
ioc 
13g 
e0c 
165 
188 
214 
176 
200 
Sec 
eo7 
147 
eed 
ele 
cig 
267 
es6 
eo. 

293 
284 
240 
316 


me0e3 
0089 
.0082 
.0174 
0238 
-0144 
poOech 
nOC27 
-0e4e 
0124 


288 
ua 

ba 
346 
245 
233 
174 
169 
193 
311 
330 
368 
356 
339 

76 
449 
343 
278 
256 
224 
266 
438 
380 
356 
315 
333 
118 
422 
Beg 
278 
261 
218 
222 
271 
191 
244 
218 


ere 

a1 
ele 
270 
281 
258 
e265 

a7 
425 
126 


ES 


Joc 
Cec 

a 
ele 
279 
=oe 
cad 
aon 

37 
425 


al Cog 
me Oye. 
loose 
- 10526 
seolec 
Uolee 
01930 


-VEGa7 


12607 
.04762 
08654 
08654 
p07 707 


woes 


7 Oo se 
- 18000 
aoe 


pues 


ele te 


-11364 


~ 10714 


sl365 


06250 


.03846 


s0S eo 


.06410 


iJgsa3 


.01408 


201333 


~02667 


Ol ou 


00000 


mOcsl: 


Oa 


MOLSoL 


.04110 


02740 


. 10828 
. 16000 
16129 
. 12658 
10692 
07229 
04598 
02299 
02222 
.11798 
10795 
10674 
09639 
13529 
21591 
15287 
16561 
22899 
20667 
12605 
16667 
14286 
. 10687 
.01653 
0252! 
14173 
02609 
00877 
04274 
04065 
.04098 
.03670 
11607 
.03478 
04464 
-.09322 

.05983 


24242 
. 31884 
moSoso 
feloos 
- 16000 
load 
,O77o0 
pOecigd 
04348 
10638 
2U63897 
. 12088 
eleleels) 
16854 
ese 
720c3G 
aod 
20000 
feo 7 50: 
pl6e16 
nLO70! 
. 16418 
. 10606 
210736 
20G197 
sOT Gs 
05085 
00000 
mO1o7. 
01754 
-00000 
ROSS) 
.07143 
nooo 
03448 
-01786 
-OL7eo 


maT Ooe 
ploy 
.1684e 
. 15464 
06000 
SOSSec 
. 00000 
SOE s5 
.04505 
~ 10714 
07547 
woeooS 
Oe s0 
214953 
. 18868 
“17000 
e177, 
pee e 
wl 7Fe 
pl eleiais 
ioe 
. 14458 
.07407 
,U7e2e 
-06494 
HOU ge 
.04110 
00000 
-04000 
-Olee7 
20G 776 
.00000 
.01429 
02817 
00000 
04225 
.01429 


-0017 
-0017 
JU017 
wwOSt 
0031 
noca. 
0005 
0005 
.0005 
s00ca 
Helerse 


; 


10198 
oe 7 
Olas 
,O'se 
-0148 
VOLS 
40) Ele 
tee 
-0108 
sOL60 
200Fe 


DATA DATAALLS 
MERGE PART1 PART2 PARTS ; 
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APPENDIX C 
MECP SPREADSHEET LAYOUT 
Figure C-1 is a diagram of the different modules of the 


MECP spreadsheet. 
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COEFFICIENTS DOCY- 
MENT 


2! FORECAST Ea 


| ATTRITION RATES 








ec. FORECAST 
PROMOTION RATES 


e3. ATTRITION 
MULTIPLIER 


SPREADSHEET LAYOUT 
PlGUREs © =1 
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The remainder of this Appendix consists of Figures C-e2 
through C-10; eee ones each of the sections shown in Figure 
C-1. Each figure description contains the upper left and 
lower right spreadsheet cell locations,s respectively. 


TODAY {5 {i-Jul-87 


CURRENT STOCKS 
PAY GRADE | COUNT 
cae 314 
eae gio 
EST e806 
ao 0389 
Cad 0476 
E-4 7141 
E=3 4394 
Eee Spee 
God 1418 
TOTAL Shona 


Seer ae et IE BO SI Be EO OO Oe ees 8 BO eee es oo 
> a ae DD od OD OD ae OP ee ae SE OE et oe a et oe oe ae ee 


eee at a OSS SS 2S S22 SS e222 eS 2S eee es = 
seat a at at a at at at ad af at at 2 ad at at a at 2 ae a Pe oP ee ee 


DESIRED 

END STRENGTH 31400 
FTE GOAL 31385 

CURRENT 

MONTH NUMBER QO 


1 OCT=0 31 OCT=!1 39 NOV=e2 
31 DEC=3 31 JAN=4 28 FEE=5 
31 MAR=4 30 APR=7 31 MAY=8 
20 JUN=? 31 JUL=i0 31 &Ue=11 


DECERBER RECRUITS 20) 

JUNE RECRUITS 100 

MULTIPLIER NEW 0 
DEFAULT 25.774462 

FISCAL YEAR 1988 

E-4= Eo ben 

RATING LIST: YES =1 | 
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PERSONNEL FLOW CALCULATIONS 
PF .6URE -C-8 
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FTE CALCULATIONS 
av 


au 


T-¥ 
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MONTH 


EGIN 


: 


‘te 
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oy 
= 


“Xx 
hy 


FEB 36406 
BAR 39020 


{Qi 


JAN 259 
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o-4 


cry 
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OPTINUM 25.77444e 
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SECTION 2 Pie soleen a. 


MULT 


aee eee ew ew et e@e@we es Soe 
se SSS SSS SB ese Sew eee eS 


Sse 222s sa OO Oe ee eee eS ee 
88 Se eee eB Se e@ ee eZee Se 


RUN DATE 
eeeu1-87 


e 
1 RADE 
END STRENGTH!  £-9 
31400 | £-8 
1 £=9 
FTE! 5 
q19a5 ! £-5 
1 E=4 
MONTH | E-3 
QO} £2 
t  €-] 
MULTIPLIER ! 
25.774 | TOTAL 
REMARKS | FTE 
' CLM 
' FTE 
' RECRT 
' CUM 
' RECRT 


ase ee tS SBS SS O88 S28 8s 2 ee 2 ee 2 oe = 
as ;@2 S22 eS FS SS SF SO FC SS OBST O SOI FB 8S eS 


2a ae OO ee Oe eS eS eS SO eS SB SO SS SK VG Se SO BO SO Be OSB Se OS ST SO SO SO SF SO SO SO SF OF SOF SF SO STO SS S28 SOC 8C8 G8 VO SF TFT SF SF SB se Te T2888 SO 8 Oe 8 Se ee es = 
Se ee eee ee ee ee ee eT 


aa et e@ @e@ ee ew eZ @@FZ @e2 @ eee ee = 
SESS 2 S22 SS S28 SF 2 SF SF Bes Ss oe |] wD 


PROJECTED RESULT FOR FISCAL YEAR 1928 


see e ee ee ee eee eee Oe ew OOO OO OO SO 2 OO eT SO TF FOBT 8 Te sZe OTe e2 FF Fe CT ew eswete 2 ee web eet ee oe 


1 OCT OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG = SEP 


. 


Cijmecmemecrs did cig 3!4 914 Sia olaeegic Wegl3s 313 314; 

iciemece Ola O14 515 S16 S16-al? Weslo wealg 514 315: 
poCheeciCueccts 2797 e807 2806 e811 2bi6 e821 2800 2804 2803 2898 1 
0389 9398 9408 5387 5444 3403 5400 9409 9418 5392 S324 5384 9394 | 
Siomctcgumecaigiwtd? decd Joos J/b0 dba! “duce 0468 5048 S471 N48! | 
7241 7040) 6964 «(7017 6570 $635 712 6785 6848 6900 7002 6906 68:8 | 
4394 4329 429) 4290 4145 4156 4165 4175 4185 4188 4161 4137 4134 
3922 4089 94256 4508 4669 4445 4578 4707 4742 4763 4638 4305 4569 
1418 $444 1499 «9992 «69943 «1248 «1176 $117 1170 902 988 1513 1376 


41375 31424 31474 31276 31390 31983 31437 31491 31544 31297 31291 31944 31400 
ColompeocUsscoitemcoUc. cols. cOl/. cocl. Coch. cotgescoug. coy, col4, 


Colbmdcaisc fear. 10450 13073 15691 13313 20939 escag chlo) CB7Y0 31385 
599 629 «200 «62588 «6617 «6539 «584 «2S 100s 718 «78102 
699 «1328 =ise8 cll 2733 3272 3836 4461 4561 S279 6040 6442 


SEC Reet OUTPUT SECTION: Ebae 


PLOURE E—3 


AK1; 
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a ae ac om ~~ oe @e 7 oe en on 


Monthly rate Quarterly rate & HO 
DIFF 
MAR 1987 7.2 1ST 21967 eee 
APR 1987 6.933 
WAY 1987 6.466 
JUN 1987 6.4 co ND 1987 6.4 
JUL 1987) 8.4 
AUS 1987 6.4 
SEP 1987 «6.4 3RD 1987 6.4 
OCT 1987 4.433 =O ale 
NOY 1987 6.464 -0.07 
DED 887 ban 4TH 1987 6.5 “9.03 
JAN 1988 6.564 0.015 
FEB 1988 6.633 0.026 
MAR 1988 6.7 1S) ode 0.036 
AFR 1988 6.766 0.046 
MAY 1928 6.333 0.051 
JUN 1988 6.9 oND 1988 4.9 0.956 
JUL 1988 6.933 0.06! 
AUG 1988 6.946 0,055 
SEP 1988 7 3 RD 1988 7 0.050 
SECTION 6&6 UNEMPLOYMENT RATES = (G€35auMs7 
SSX ae 
Monthly GNP Quarterly GNP ssf MO 
_ DIFF & 
MAR =: 198? 3735. 1ST 1987 Sida.c 
APR =: 1987 3740. 
MSY 1987 3746. 
JUN esa. 2 ND 1987 gioiee 
JE es? ayes 
BUS =s- 1987 3794, ' 
SEP =: 1987 3816. 3 AD 1987 3816.3 
OCT 1987 3830. O;del7izg 
NOV = =©1987 3843. 0.0238794 
1) Se Wa 4TH 1987 3857.58 0.026040! 
JAN 1988 3869. 0.0281944 
FER «=©61988 3881, 0.025517. 
MAR {988 2593. al ees 3873.4 9.0228716 
APR =: 1988 3905. ~ -0,0202552 
MAY 1988 3917. 0.0197516 
JUN 1988 3929. 2 ND 1988 3029.83 Oe0lseale 
JUL «1988 3941. 0.0187552 
AUG =: 1988 9953. 0.0187013 
SEP 1988 39664 3 RD 1988 3966 0.0186478 


SECTION 7 GNP DATA : WS59 


ET GUREE 7 


M33; 
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Monthly CPI Quarterly CPI 1 MONTH {2 RONTH 
DIFE Rape OTE 
oer 1986 ge) 2 AD 1986 et 
OCT egense. ice 
NOY 19386 227.240 
EC 1986 327.4 4 TH 1986 327.4 
JAN 1987 330.232 
rE 1987 333.0664 
AR (poyeeaess bk 987 Seae2 
SPR p28? gao.ced 
MAY 1987 326.766 
TUN Psimeccise cel ae? za ae 
JUL 1987 328.783 
Sue 1987 340.324 
SEP sy cti.so 6g ad 1987 341.89 
gcT 1987 243.14 H,0045936 0.043535! 
4OY {987 344.43 Q,0037146 0.0429912 
BEC 1987) 345.7 4 TH $987 345.7 9.0037008 9,.0924444 
JAH 1988 347.033 00036872 0.0552949 
rEB 1988 348.346 ~ i) OOSBSS9 9.050873! 
MAR 1988 «6349.7 391 ST 19868 349.7 9,0038420 9.9459947 
APR 1988 351.046 0.0038273 9.0416024 
MAY be80 Joe.ae4 0,0038509 9.0437482 
JUN 1982 353.74 2 ND 1988) = «353.74 3.003826) 0.9484029 
JUL 1988 355.06 0.0038214 0.0490510 
AUG 1988 356.38 0,0037315 0.0481063 
SEP P7968) 935/.7 Sake 1988 357.7 9.0037175 9.0471703 
SECTION 8 CPI DATA : W35; AFGES 
Pou Re —s 
ANNUAL COST 
OF LIVING DIFFERENCE 
PAY RAISE VARTABLE 
= 34 

OCT {987 -9, O1E5251682 

NGY 1937 wt Olegol cs 

REC ell ~i) 0224444897 

JAN 1988 = 9252949297 

Fes 1988 -, 02087212 

MAR 1988 ~), 0159347494 

BPR 1988 -9,.0110836552 

MAY 1988 -0,0137462834 

JUN 1988 -0.0154020588 

JUL 1988 -9,0190510083 

AUS 1988 -) 0181063476 

SEP 1988 ~0.0171703637 
SECTION 9 PAY DIFFERENCE VARIABLE : AFS3S; 


PLlGURE Vea 
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AK65 


ACTUAL STOCKS 


OD ge ee ee DD ge SE SS EF 8 a we oe Ee em 8 SS eS a SS 9 Oe 9 Om PS we Om Oe 9 Oe 9 Oe fF Pe oe ee ee oe ae oe 


PREY ttre enn en nn rete nen nnn wren nnn ne er enna nnn nw ecccce nn n== 
GRADE 
e-9 314 
coe 
cm? =. 2906 
Some cgo: 
e-3) 3476 
F-47441 
e-d) 4394 
c-e2 420 922 
e-i = 1448 


a) 
mM 
cs 
AJ 
= 
e—4 

-4 
— 

—_ 
Gas 

= 


» 9 9 


SECTION 10> ACTUSBL STQ@ERS Ss) Cesar 
PIiGURE Ee —1© 


DD SD ED SD FE SD 8 ED EF 8 ED 8 SF SD 8 SF SE SF 8 GF GF 8 OF ED Ow GF ED 8 ED EE 8 GE 8 8 SD GE 8 ee OF = 8 8 SP SF 8 OE FP FP 8 GF OE GF 8 OF GF FP oD 8 Oe a oe 
Sew a ow om ow om oe om oe om om om om oe 6m oe SE © © © 68 OF OD Om em EO 6 OF ® F ® «8 © O® om om oe ae ee Ee oe oe oe oe oe oe oe SS i om oe ee 8 oe Se ae ee 8 ew oe 


TOTAL STOCKS 32375 31597 31419 Shee! 31255 312898 3ig22 313955 31388 
Previcus Run 


PS Pe @ SP SP 2S So Se SSF S222 22 22 2.5 2 SESE 282 22 22 2S S22 22 S28 SF FSS SSE SS SSO SS SSS we SS we we oe ee 
Fae SS SS SS SS eS SS SS SES SSS SS PS SS SS SS SSS SSS ST SSS SS SSS eS SS SS SSE EO Bee SS Oe ee eee 


SECTION {1 £PREVIGUS TRE oka. 
PIGURE C-1i 


Weicome to the Military Caoloyment Caoadility Plan 
(MECP}) spreadsheet supported by o-PE-4, 


The Menu for this spreadsheet can be obtained 
by gressing the SLT key and M kev ziaultanecusly 


Hecumentation Tor this spreadsneet can be foung 
i 2 


& 
=a 
an this disk in a Tile lapsled aa 


This HECP aode! was developed in conjunction 


with a aaster’s thesis written by LT Lance L. BARDO 


Comments or bugs are welcome! 
This version was last updated JUNE 1987 


SECTION 13 INIRGDEG TON: eb os. 
PIGURE.@{ ve 
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BEae 


I ia en 


BH78 


one ye 


NON-RATE FIRST SUB 


OCT 66 241 369 
HOY pe 226 334 
DEC 27 mig 208 
JAH 67 46 364 
FEB G1 28 aug 
MAR a1 230 33) 
APR 48 254 371 
MAY a8 eal 394 
JUM is 168 414 
JUL a! gud 465 
AUG 3? 163 466 
DED a 7 354 
SeerlGN 16 ANTICIPATED ENLISTMENT EXPIRATIONS : AS9;, G77 


PoOURE C-13 


1  LASGED RECRboen 


+ AUG 1987 600 | 
IcEt em oe | 600: 


Serenity emGGED RECRUITS ©: HS9s L77 
BIGURE €-14 
RECRUIT ESTIMATES 

Epome Eso Ee4) WlEco E7e Ben 
OCT 4 610 belt og 633 
NOY 4 16 oot ao bd 
DEC 4 10 & i ae 14? 
JAN 4 =10 on 33 oe4 
FEB 4 10 oo oe dad 
MAR 4 619 6 ii ag 479 
APR 4 10 é fi a w00 
RAY 4 = 19 6 ll ce 35! 
JUN 4 10 6 it! Ic 37 
JUL 4 lf 6 33 654 
AUG 4 =10 oe) oo 697 
oe 4 = 10 6 il 32 038 


Soe teNemcmence maida ESTIMATES + LS59; W77 
BPLeURE  e-15 
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REGRESSION 
COEFFICTENTS 


COEFFICIENT 


INTERCEPT 
MONTH 
MONTHS42 
MONTH##3 
NONTHES4 

PSY DIFF. 
CPT DIFFIL 
ONP DIFFS 
EXP ENL SUB 
EXP ENL LST 
EXP ENL NR 
UNEMPLOYHENT 
RECRUIT LAGI 
RECRUIT LAGE 


; £9 
| E-8 
er, 


oe 
on oO 


vv" 
i 


Boy Eo Ese Eel 


EGtme-o Es6 | Esoaces 
0.910 0.015 0.004 9.901 9.005 9.005 0.003 0.004 0.166 0.004 
0.015 -0.00 0.000 6.000 0.000 -0.90 0.002 0.004 -0.01 -0.00 
0.00 9.000 -0.00 -0.00 -0.00 0.900 -0.00 -0.00 0.001 -0.00 
0.000 -0.00 0.000 9.000 9.000 0.900 9.000 0.000 0.000 4.000 
~),.00 0.000 -0.00 -0.00 -0.00 0.000 -0.00 -0.00 -0.00 -0.00 
“0.19 =0.07 -0.07 30500 -Oi yee le Cena e i) eobemuen 
1.175 0.933 0.178 9.078 6.490 9.999 02679 0.637 0.630 9.449 
“G.10 -0.16 -0.01 -0.00 0.016 9.025 -0.07 -0.29 -0.44 0.005 


0.000 9.000 -9.00 0.000 0.900 0.000 
0.000 0.000 
0.000 0.000 -9.00 
0.019 -0.00 0.001 -9.00 0.000 -0.01 0.01 -0.03 -0.17 -0.06 
~).00 
-0.00 
SECTION 19 ATTRITION RATE COEFFICIENTS : A77, Q98 
FIGURE C-14 
PROMOTION CONSTANTS ! 
PYRND © PERCENT FILLED PCT JAN —SPCT JL ! 
0.01 1.00 1.00 1.00 | 
0.02 1.00 1.00 1.00 ! 
0.09 1.00 1.00 1.00 ! 
0.18 0.95 9.96 0.90 | 
0.20 0.89 © 0.36 0.99 , 
SECTION 20 PROMOTION CONSTANTS: Q77, X84 


EUGURE Gg, 
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TOTAL — 


3 
ae 
te 
rT 


FORECASTED GCTOBER 2 Dnvcae ts 0.005 U.s0oeUlc U.deu "dee U.0s2 0.059 0.015 
ATTRITION NOVEMBER 3 0.023 O.011 0.004 0.404 0.012 0.018 0.099 6.028 G.060 0.014 
RATE PEGEHUes : 0.019 0.009 0.005 0.003 O.dl2 0.016 0.028 9.021 4.024 9.012 
JANUARY 3 O.UL7 0.908 0.004 ¢.004 o.0te 0.018 6.633 0.926 0.019 Gals 

FEBRUAR’ : O.015 8.007 9.004 0.004 9.0i2 O.017 0.034 0.027 0.060 0.0l¢ 

MARCH 7 M.015 9.007 9.004 9.0023 O.0L1 0.016 0.031 9.026 9.017 0.012 

APRIL 3 0.017 9.007 9.003 9.004 0.011 0.015 0.033 0.029 o,012 0.012 

Hay 4 G.02! 0,909 0.004 9.904 0.012 0.017 9.035 9.032 0.024 2.0l2 

JUNE iQ Mes Se teeeec ts UUs Vile weal? viva? 02025 9.024 8.012 

SULY io 0.026 U.vl7 0.005 0.005 0.014 9.022 3.041 0.037 0.015 0.014 

aUGUST 2 0.02! 0,024 6.908 9.006 0.013 9.023 O.G42 0.033 0.065 d.dis 

SEPTEMBER i D027 U.014 9.005 0.004 9.012 G.019 0.032 9.026 8.027 0.012 


Seep eee!  rOREECAST ATTRITION RATES =: AQD; Bile 
Peouine Cas 


4 OCT NOV BEC JAN FEB HAR APR MAY JUN JUL AUG SEP 


SER 
= 


— «em TW Cre 


PROMQTIOQN &-9 H.016 9.015 0.007 0.011 0.011 9.010 0.012 9.014 9.010 9.019 D.013 0.018 
RATE 70: eG 0,003 0.005 0.001 9.0023 4.003 9.003 0.002 0.004 9.002 9.006 O.007 4,006 
73 


cm ¢ 


0 Oi 
).006 0.905 9.000 9.006 0.009 0.004 0.004 3.005 09.007 9,006 0.9 
O.Cle Veli 0 9.029 O05, 0.009 9.011 ete 
7 0.018 0.002 0.090 0 0 0 0,021 0.016 
10.041 6.041 0.072 0.041 0.0 PaO 040.07 0284) 
0G? eu Y.067 0.057 9.067 4 7 9.057 0.067 0.110 0.067 4.947 
SU g.00b 8.199 4). 260 G.4co 0.424 9.008 G.105 9.41 
C JAH FEB SAR APR oOMAY JUN JUL AUG © SEP 


ae 
I 
~=J 


<> 


<<» 
<= 
He 

Frm eo 


mv 
i 
> cy 
cme 


mim 
' 
TM go & on Oo 


vr] 
4 


sae ON ee were as) PROMOTION RATES = Alte, R131 
mocuRe C=-19 
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ATTRITION MULTIPLIER 
fo 8) G7) Ege oe ee 


mm 
i 
eo 
-—4 
[ Gee] 
on 
2t3 
rm 


OCT i i i { { ! { | i i 
NOV i i | i : i | i { i 
DEL i i : i ’ i { ! i i 
JAH i i i i i i : i i i 
PER i ; | i : : i i i i 
ABK { i : i { { i { 1 { 
AFR { 1 i i | i { i i 
HAY : { i { 1 { | i { { 
JUN { i { ‘I { { 1 i : 
ye { { d { : i i ! { { 
AUS i { i { i } ! i { : 
See i } i { { ! i i 


SECTION 22 ATTRITIGN MULTIPETER = als aa 
PSUR eo 


Note: 
1. Sections 5s ie; 14; and 15 were ommitted because 
their display would not have been informative. 
eC. Formulas can be listed by printing the ranges 


indicated and using the LOTUS /ppoocq sequence. 
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APPENDIX D 
USER’S MANUAL 


TABLE OF CONTENTS 


BemeimiNORIT ES. 5 3. se le ee 
Peer ORY GENER IES@ . . « =» » » « « 
ie. arta Fai) Year Run  . 6. .-. 
Seem? OOtTION . - . « + 
Bb. The UPDATE DATA; ANNUAL Opt 
2. Subsequent Full Year Runs. . 
3. Subsequent Partial Year Runs . 
4%. All Runs... . ‘ : so « & 


a. The CALCULATE Beek of a el.” es 
Eeeetiineg OUMFPUT option .. . - 


Preee ENMU OETEMS 2 . « © »« « « « « 
ue mG MO CEeGN Tis sos « 6 (© & «© 
SESE ULATE Ootian . . . » « » -» 
Pee) CGHtIOMy . =. « 6 « » « s 
Pere Seta OOELON .« -« = « « -« 

PS oVe OGL lOm 6 @ « © »« » » 

See nOincsieel Option . . 
(2oeemeasgito. O©5tionm . . = 

G. Pyare sen PRINT @otion « -« 
Ce NOC LOM fs a aw 6 8 
SeenON OP CLOM  s =. « «© e« «© « 
fmerenoem (OOLION . . -. =. « « -« 
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ADVANCED MENU ITEMS 
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Sie wee bn@p tian. g .. « as 
(oe) SONEMPLO@YMENT ee ‘ 
Poo meGNr ODGLOmes aes < 
(4) ENLISTMENT EXPIRATION 
‘\eroyvYRAlSeE Option .. . 
(GO) MEreeRulT EAG Option . 
CoOpmeGllieiimo ODtion . .«. 


149 


lion 


1S) 1 


ae 
ais 
Loe 
1354 
154 
154 
iS 
La= 
Ses 


ps) 
bo 
7 
157 
Loy 
1°70 
17 O 
Poe 
1°70 
1770 
70 
171 
SA 
Lo 
L7 A 
17 
P71 


ye 
ei 
Ee 
rie 
7S 
Les 
LIS 
tS 
eS 
7s 


2. ADVANCED OPTIONS ..... .- 
a.  PROMGTIGN Option =. -a 
b. ATTRITION RATE Option  . 
c. BILLET PYRAMID Gpticn |: 
d. RECRUIT ES) IMATEeseet2om 
e. STOCKS. Option y..—. =. 
ft. DOCUMENT GoetieGm.. eee 


CONSTRAINTS, INFEASIBILITIES AND 
e. Infeasiblilvties, =] eee 
ERROR MESSAGES 2) 2 (ese) serene 
TECANTEGAL  NGiES sc) fe. 


diss Promotion Rates se. ee 
eo. Attrition Rates si dk Le SOC 


150 


POLICY CHANGES 
Ll. Recruiting Constraint Viretet sono eee 


1774 
174 
174 
174 
17a 
175 
Lys 


1S 
[7s 
L777 


177 
Lae 


177 
180 


MILITARY EMPLOYMENT CAPABILITY (MECP) 


USER’S MANUAL 


The MECP has been programmed with LOTUS 123"; version 
aed. . The theoretical and mathematical underpinnings of the 
model are described in detail in the text of this thesis. 
The actual spreadsheet layout 16 described in Appendix C. 
The purpose of this manual is to give instructions on the use 
of the spreadsheet. 

This manual is written for the user who will want to see 
the effect of major policy changes and for the advanced user 
who may want to explore many of the more subtle interactions 
involved. 

The instructions that follow assume that the user has a 
basic familiarity with his/her computer, DOS and LOTUS. This 
spreadsheet is fully menu driven and once loaded requires 


minimal knowledge of LOTUS. 


A. PRELIMINARIES 

ae Pricn tGmmusSing . the RE IGG LS strome: ¥ 
recommended that a back-up copy of the disk be made. Every 
attempt has been made to prevent the accidental erasure of 
formulas and data, however the user may find ea nceoe 
when he/she may want to alter data temporarily without losing 
the original forever. The user familiar with LOTUS may want 
to read paragraph 4 and skip to section B. 
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eC. Enter the LOTUS environment. 

3. Load the spreadsheet named MECP. 

G4. You will be taken immediately to an introductory 
section. To obtain the menu; press the ALT key and M key 
Simultaneously. 

2S. %FA1S menu works exactly the same way as the regular 
LOTUS menus. Use the lett or right cursor keys to highlight 
the various options. On the second line you will see either 
a brief description of the action obtained when that option 
is selected, or the sub-menu of additional choices available 
under that) option. Press the RETURN- key to select the 
highlighted item. Alternativelys you can select the option 
by typing the first letter of the desired menu item. 

6. After each action performed, you are returned to the 
normal LOTUS environment (READY appears in the mode indicator 
in the upper right hand corner). Press ALT-M to return to 
the main menu. 

7. Anytime you are working your way down the menu tree; 
you can return to the main level by pressing the ESC key and 
then the ALT-M keys. | 

ee Theil only celis that are Unproevected in Gigee 
spreadsheet are those that the user should alter. If you 
accidentally try to enter avalue ina protected cells you 
will get an error message in the upper right corner of the 
Screen. Press the ESC key and make the correct entry. 


9. Error messages will usually be displayed in the upper 
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right hand corner of the screen in the mode indicator block. 
This block will normally display "READY" if it 1s waiting for 
the next command OF "WAIT" if the spreadsheet is 
Calculating. Any other message can usually be cleared by 
pressing the ESC or RETURN key. The user should not be 
concerned about the "CIRC" reference that appears at the 
bottom of the screen;s the recursive nature of the model 
causes the circular references and is appropriately handled 


in the way the spreadsheet is recalculated. 


B. MANDATORY ENTRIES 

This section summarizes the entries that must be made for 
@ run to ensure reliable results. A detailed explanation of 
the menu options is contained in sections C and D. 

fo imitial Full Year Run 

The following menu options must be utilized in the 

following order to use the spreadsheet for the first run of 
the year. 


dic The INPUT option must be used to initialize all 


entries in this section. If the current value 1s to remain 
unchanged, press the return key. If a change is desired; 
type the new value and press return. Every time the user 


presses the return keysthe program will automatically move 
the cursor to the next block to be changed. It is recommended 
that the user leave the Multiplier New cell equal to zero or 
Dlank and the December and June recruit entries should be 
left at the default values of 200 and 100 respectively for 


tos 


the first run. Current Month Number cell must equal zero. 
NOTE: The nature of the formulas requires the beginning stock 
and ending stock to differ by at least one (1). The user may 
view the most recent stocks by pressing the Page Up key. 
These numbers will provide a gquideline for reasonable End 
Strength and FTE entries. 

Be The UPDATE DATA;s ANNUAL Option must be utilized 
to enter the actual or forecast values for all six 
subcategories (CP1, GNP, oayrai semunemailey Nemtemeee TERE lagged: 
and enlistment expirations) at the beginning of a fiscal 
year. It 1s assumed that the person maintaining the model 
will entered this data for all other users. 

c. The UPDATE DATAs MONTHLY Sateen be utilized. 
to enter the 1 OCT stocks. This option must also be used for 
all partial year models to record the actual stocks to date. 

Ce. Subsequent Full Year Runs 

Only the INPUT option need be utilized after the 

ANNUAL data has @been entemece 
3. Subseguent Partial Year Runs 

a. The UPDATE DATAs MONTHLY option must be used to 
enter the most recent end of month data. Make sure you 
Change the CURRENT MONTH NUMBER selection to reflect the last 
day of the most recent month ; This menu item will also 
update the most recent stocks section in the INPUT section 


and will recalculate the current total stocks. 
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b. The INPUT option may be used to specify a new 
target end strength and FTE. 

@ You may only change the multiplier new cell; B44, 
when current month number equals O or 1. ec 1S recommended 
that the user leave this as a zero for the first run. It MUST 
equal zero for runs after 1 DEC. 

G. All Runs 

a. The CALCULATE option is required to recompute the 
results for the current entries. 

b. The OUTPUT option is required to view the results 


in the desired form (screens printed; graphically). 


C. BASIC MENU ITEMS 
This section will give a brief description of all the 
menu choices illustrated in Figure D-1 except the UPDATE DATA 
and ADVANCED OPTIONS selections. These are discussed in the 
next section (Advanced Menu Items). 
moe6UANNPUT Option 
Selecting this option Wi hi pu Gey Cte iMina wort LOM OF 
the spreadsheet that looks like Figure D-ec. ImStGuecions ter 
each possible entry are included alongside the figure. The 
user should be aware that the most realistic FTE values are 
those values lying between the beginning of year strength and 
end of year OP cunt The December and June recruit entries 
are fixed levels of recruits based on historical data; 
additionally, they are automatically set to zero when the 


annual shrinkage exceeds 3500. The Multiplier entries govern 
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the rate of growth during the year. In. SshoptoetheeMul trp ich 
default entry specifies the slope of the line segment 
connecting the 31 DEC through 31 MAY stocks as a function of 


the slope of the line connecting tne current 
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Figure D-1: Spreadsheet Menu Description 
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stock and target end of year strength. The default value is 
calculated to minimize the deviation from a line connecting 
the current stocks and end of year strength. Specifying a 
Multiplier New, modifies the slope of the 31 DEC - 31 MAY 
line seqment. For example; in figure D-e, the slope of the 


line connecting the current stocks and the end of year 


strenqth is -74.5. The Multiplier default value shown 
indicates that the optimal slope of the 31 DEC - 31 MAY line 
segment is -4.82 (shown) times -74.5 (not shown but equal to 


Me7OOO —- 299894) += l2@ ); or 359.08( not shown). The user is 
encouraged to experiment with the Multiplier New value to 
determine its effect on monthly stocks. A more detailed 
explanation of Jae Multiplier is found in Chapter IV . 
ce. CALCULATE Option 
This option recalculates the spreadsheet with the 
current entries. The value of the total stocks from the 
previous run is saved for display in the GRAPHICS option. Be 
sure you want to calculate the Current values; the 
Calculation takes approximately 75 seconds on an IBM/XT with 
a math coprocessor. 
eo. QUTPUT Option 
a. RESULTS Option (See Figure D-3) 
This option allows you to see the results of the 
Current run. Use the cursor keys to scroll right and down to 
see all the output. The remarks section (cells AL2&4 —- ALSS) 


can be used to briefly document temporary modifications. 
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Column A Column B 


INITIALIZATION SECTION a. Date is entered 
TODAY IS ee June, automatically. 


b. All entries are made in 
column B of the spreadsheet. 


GZ These are the most recent 
stocks as entered in the UPDATE 
DATA; MONTHLY option. 


Sa 
bss 
eae 
E=6 
ESS 
E-4 
Eas 
Se 
E=t 


Ge LOTUS will calculate the 
total. 


e. Enter the desired 30 
September stock. 


f. Enter the FTE constraint. 


g.- Enter the month number that 
MONTH NUMBER “corresponds to the stocks 
1 OCT = 0 31 OCT= 30 NOV= 2 entered in (c). Codes are 
31 DEC= 3 31 JAN= eis) Igiisk = listed. 
31 MAR= 6 30 APR= 31 MAY= 8 

9 31 JUL=1 31 AUG=11 


DECEMBER RECRUITS Ae Change these default 
JUNE RECRUITS recruit values if desired. 


MULTIPLIER NEW be The new multiplier will 
DEFAULT -4.819813 change the rate of growth. -The 

default value is the optimal 

value. Change it by entering a 

number in the NEW cell. 

FISCAL YEAR 

j- Fiscal year being forecast 

E-4> —aee0 OFEN 

RATING LIST: YES =1 kK. 1 means recruits are being 
NO = 0 accepted in paygrades 

E-4 "tur £6, 





Figure D-2: Initialization 
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nua GETE PROJECTED #ESULT FOR Fistet YESR 1937 
24-Jun-37 


a eee ap oe oh oe ap SP oe ph oe oe oe SP SP ee ee ee SP SP ee ee Oe PP OP PP Pe PP DP Oe ee ee ee ee ee ep ee 2 ee 2 2 oe ee oe ee ee ee ee ee oe oe 
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i ORADE 
eileen; 6 E906 00 0t 2 C24 8B 1D le «268 ale «= lS al 
eee Fee S06 6492 495) 49h 698 OO! 005208) 262 508 )=6Ste 31? Se! 
Me ome crore e7ele 2720 2734 e252) e771 2790 2776 2798 cBl7 2b4i 
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mec, Cormeen 181 307) 91g «61349 «61437 «(1428 61428 «61040 fale i907 1906 

MULTIPLIER 

Meecmaiae e£2%ca c0072 J0191, 2015! 20361 30371 30780 30990 31200 20960 Siege 31502 21775 
REMARKS i FTE Cou menmeoeemeur), Pogammecb. Cola. codie SucUseeaem, coid, 2525, 
; CUM e501. 5012.0 7524. 10047 12586 13142 17716 20307 22999 25489 22102 20740 

ee 
1 RECRT 676 498 00 417 728 705 «4704 «9699 «4100 838 Yes 784 

i CUM 
i RECRT o96 1194 1394 d0if 2729 3444 4148 G84) 4947 5785 s7il 749s 


Figure D-3: Sample Results 


for 


b. SAVE Option 
(1) WORKSHEET Option. The entire worksheet is 


Saved with the name MECPA.WK1. Be sure to rename it if you 


want to Save more than one. Eat t vom This is a large 
worksheet! (105K, 60 seconds to save) 
(2) RESULTS Yost 1om. Just the results of the 


latest run are saved ina worksheet named MECPRSLT.WK1. Be 
Sure to rename it if you want to save more than one. 
c. iI3BM/EPSON PRINT Option 
The output exceeds 80 characters. In order to 
print it on a standard width dot matrix printer; the printer 
must be set to print at the condensed print size (17.1 
characters per inch). This option sends the correct command 
to the Epson and IBM printers. Other printers can be set up 
using the Print;Qptions,Setup command in LOTUS (/PPOS\###). 
Consult your printer manual for the appropriate set-up code 
to replace ###.. This option aiso clears settings from 
previous uses. | 
G-e PRINGD Option 
Sends a-copy of the latest results to the 
orinter. Prints one table oer page. 
e. ERROR MSG Option 
See section F of this manual for a more detailed 


explanation on how to handle errors. 
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ft.) LASER Option 
Sets up the laser printer for output by turning 
the page lengthwise. 
g. ASCII Option 
Sends the force structure results to an ASCII 
file named Output.asc. it is stored in the current 
directory. If you desire to save more than one set of 
results in this format, it will be necessary to temporarily 
exit to Deeeecenamesthe file and returm to thessoreadsheect . 
The data is recorded with paygrades as rows (row ore is 
paygrade E-9) and months as columns (column one is 1 OCT 
stocks). 
4. GRAPH Option 
a. — CURRENT Option 
Displays a line graph of the total stocks for the 
Current run. Press the return key to return to the 
spreadsheet. 
b. LAST VS CURRENT Option 
Displays a line graph of the total stocks for the 
current run and the previous run. 
see EMT Option 
This option returns the user to the DOS environment. 


Be sure to make any saves before choosing this option. 
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D. ADVANCED MENU ITEMS 
1. UPDATE DATA Option 
a. MONTHLY Option 

The actual monthly stocks for each paygrade and 
the actual recruits up and including the most recent month 
should be entered here. If actual recruit data is not 
availables enter zero and the model will use estimated 
recruits computed as described in Chapter III. 

b. ANNUAL Option 

This option 1s used to initialize or update the 
external data utilized by the model to calculate waans 
attrition rates. It can be updated any time of the year, 
replacing forecast data with actual data or more recently 
forecast data. You must use the cursor key to move from cell 
to cells do not hit return until the last entry has been 
made, then hit any cursor key and then the return key. 

(1) CPI Option. The consumer price index option 
allows the user to enter actual or forecast CPI (all goods) 
for the 12 months of the year being forecast and the ile 
months of the preceding year in cells 240 to 264. Optionally: 
if data forecasts are only available for the wguertcea tase 
values can be entered for the same period in cells AC4O to 
AC&4%. Quarterly and monthly figures can be intermixed. 

(2) UNEMPLOYMENT Option. The total civilian 
unemployment, age 16+ is entered for the twelve months of the 


year being forecast and the six months of the preceding year 


loc 


Meecelis FSO to F5a. Quarterly values can be entered in 
@emees JIJ4O to JS&8. 

| oo Bw Option. | (Ine Gross national product 
(annual rate) is entered for the twelve months of the year 
being forecast and the six months of the preceding year in 
cells P40 to P58. Quarterly values can be entered in cells 
poeeto USS. 

(4) ENLISTMENT EXPIRATION Option. The number of 
enlistment @#@xpirations expected for each month *Si the fiscal 
year being forecast in the categories non-rates fTirst 
enlistments Bee subsequent reenlistments are entered in 


Semers>s BOS to B76; E65 to E76, and G65 to G76 respectively. 


2)) PAYRAISE Option. Any payraise anticipated 
feeeco and including 1 JAN of the year being forecast is 


entered in cell AH4e. 

Co) RECRUIT LAG Option. Enter the number of 
recruits for AUG and SEP of preceding the year being forecast 
in cells K64% to Ké65. | ; | 

C7) QUIT Option. You must use this option to 
exit this sub-menu. The spreadsheet will also recalculate 
only the annual data when QUIT 1s)36cchosen. [ff me o Cher 
changes are being made for the run; choose the CALCULATE 


option from the main menu to obtain results from this new 


data. 


163 


e. ADVANCED OPTIONS 
a. PROMOTION Option 
The user may change the promotion rates for any 

of the months for paygrades E-3 and E-4. Since these rates 
are stated as a percentage of the stocks; it 1s recommended 
that the detault values De used as a reference point for any 
increases or decreases. 

b. ATTRITION RATE Option 


The values in this section are multioliers of the 


estimated attrition rates. One (1) implies the estimated 
(default) attrition rate would Be used. AemumDer Tai cegmai as 
one (1) would increase the estimated attrition rate. A 


number less than one (1) would decrease the attrition rate. 
The multipliers can be changed for any combination of months 
and paygrades. 
c. BILLET PYRAMID Option 

The values in the column labeled PYRMD describe 
the number of ee im each paygqrade as a Rigaiiete of total 
billets. The values in the columns labeled PERCENT, PCT JAN 
and PCT JUL describe the fraction of billets in gach paygrade 
that the LG expects sO Nave Tilled with qualified people . 
The column labeled PERCENT is for all months except January 
and Julys while the columns labeled JAN and JUL; 


respectively, are for those months. 
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d. RECRUIT ESTIMATE Option 
The estimates'7 for the recruits in each paygrade 
may be changed. This data 1s only active if the E- - E-9 
OPEN RATING cell set in the INPUT option equals one. The 
user should be aware that manual entries in this section will 
overwrite the values provided by the formulas. Once new 
Values have been entereds it 1s necessary to reload the 
worksheet to get the default values back. 
e. STOCKS Option 
The user may decide to ignore the FTE constraint 
and enter specific stocks desired during each month. The 
most likely use of this option would be for eae Dartial year 
model. 
f. DOCUMENT Option 
This option provides an opportunity for the 
person maintaining the master copy of the model to document 


the more permanent adjustments made to the spreadsheet. 


E. CONSTRAINTS; INFEASIBILITIES AND POLICY CHANGES 

It would be impossible to catalog every problem that 
might occur when using the MECP worksheet. Chapter VI of 
this thesis contains a description of various possible policy 
changes that a user might explore and the ee as 
interaction of the parameters of the model. The spreadsheet 
environment was chosen to program this model because of the 
ease with which numerous changes can be made to a variety of 
factors. The purpose of this section is to describe some of 
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the major problems that might occur and their possible 

resolutions. | 
1. Recruiting Constraint Violations. 

If the model results indicate negative recruits or 

E-is for a months this may imply that the CG cannot shrink 

the required amount without implementing a policy to increase 

some of the attrition rates. The user can experiment with 
the ADVANCED OPTIONS, ATTRITION RATE option to determine how 
much and which of the attrition rates should be increased. 

The model results may also indicate recruits which 
violate a monthly upper bound of 720. It may be impossible 
to reasonably meet this upper bound but the user should check 
the effect of any combination of the following: 

a. Increase the December and June recruits using the INPUT 
option. 

b. Decrease the FTE constraint using the INPUT option. 

c. Vary the multiplier A (New) using the INPUT option. In 
a growth situation, increasing the multiplier A may 
decrease the number of recruits needed toward the 
beginning of the year. Decreasing the multiplier A may 
decrease the number of recruits toward the end of the 
year. 

d. Decrease the desired end strength using the INPUT 


Gp tiOm. 
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2. Infeasibilities. 

Infeasibilities will usually appear as ERR in one or 
more cells or by the blinking ERROR status in the upper right 
corner of the screen. Infeasibilities will also be indicated 
by negative numbers in the results section. Infeasibilities 
Smee not OCGeUr when operating within historically typical 
conditions. Briefly stateds typical conditions exist when 
the beginning stocks and ending stocks differ by less than 
three Breas and the FTE constraint is Detween the Seq liainy Gg 
and ending stocks. The user desiring to explore unusual 
Circumstances should refer to Chapter VI of this thesis for a 
@eeaiied discussion of how the model parameters interact. 
The next section briefly Summarizes the main causes of 


infeasible results. 


F. ERROR MESSAGES 
{. Errorss as previously mentioned, will take on one of 
three forms: 
a. ERR will appear ina cell 
b. ERROR will appear in the mode indicator (upper 
right corner of spreadsheet) 
Cc. A negative number will appear in the results. 

2. The OUTPUT, ERROR option will Give you the 
instructions that appear below to attempt to correct the 
error. 

a. Ensure you have made all the mandatory entries: 


(1) Using INPUT option; make sure all required entries are 


correct (see section D). 
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(2) The beginning and ending stocks must differ by at 
least one. 

(3) Ensure the external variables have been initialized 
for the current year (UPDATE ANNUAL option). 

(4) If the current month is greater than 1; make sure the 
Multiplier New entry 1s set to OQ. 

b. Check the FTE entry. Does it make sense? In’ tive 
case of a partial year model, is it less than FTE consumed to 
ee If so; it must be increased for the model to work. 
Normally you will want FTE to be some number between the 
beginning of year stock and endio1 Sveaqsetec. 

c. An error message in the UPDATE ANNUAL ‘option will 
occur if you did not press one of the cursor (ani oW ae 
followed by the return key after the last entry.-: 

qd. Try the CALCULATE option once more. It is 
possible that you changed so many variables that a second 
iteration of calculations is nesded. 

e. If the above suggestions Nave not been helpful in 
Fixing the problem, you should examine the attrition rates, 
Promotion rates and billet pyramid. This will reguire an 
understanding of the normal osersonnel flows that occur in 
this system. Do the estimated rates make sense in the 
current scenario? 

‘tas If you still are not able to correct the problem, 


try reloading the spreadsheet and reentering the desired 
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values. Failure of the spreadsheet at this point should be 
brought to the attention of the person maintaining the model. 

S.6 In the case of any error messages it 1S necessary to 
press either the ESC or RETURN key to return to the READY 


mode. 


G. TECHNICAL NOTES 
The theoretical and analytical methods underpinning the 
MECP spreadsheet model are discussed in Chapters III through 
IV of this thesis. Maintenance of the model may require 
periodic examination. of the underlying assumptions and the 
author would expect a need for changes to the model from time 
to time. | 
1. Promotion Rates 
There is a possibility that the CG would desire a 
meat icy of Some nG to E-% to fill vacancies in the same way 
as E-S through E-9 promotions are currently calculated. This 
can be accomplished by using the LOTUS copy command to copy 
the formulas in cells EleOe threugnegerceO topeells Fiel 
momougin QGSiel. It will also be necessary to modify the 
formulas. After performing the copy command, the formulas in 
cells Flel through Q121 will contain the cell reference $P4$464 
through $P%$75 respectively. The formula should be edited; 
See eisc ing $P$64 through $P$75 with £¢$Q¢64 through ¢@Q%75 
respectively. Likewise the references to cells $J%100 
through $J$111 should be replaced with %K%#100 through $kK¢111 
respectively. ie will also be necessary to determine 
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appropriate PYR (pyramid) for cell T8& and PCT (percent 
filled) variables for cells U86, V8& and X86. A detailed 
explanation on determining those variables for paygrades ES 
threoug@eats is contained in Chapter=iig: 

2. Attrition Rates 


Temporary changes to the attrition rates can be made 


using the ADVANCED; ATTRITION option. As mentioned in 
Chapter Pil, we anticipate changes to the regression 
coefficients as more data becomes available. We recommend 


that as new data becomes available, it should be added to the 
SAS regression program contained in Aandi B and the 
analysis described in Chapter III should be reevaluated. A 
preliminary examination of the raw data should be conducted 
as described in Chapter II prior to using it in the 
regression analysis. The new coefficients resulting fGen 
updating the regression model can be used to replace the 


entries in cells F893 through O96. 
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